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The  Intramural  Research  Program  is  broadly  concerned  with  the  biological  and 
neurobiological ,  medical  and  behavioral  aspects  of  normal  and  abnormal  human 
development.  In  addition  to  four  major  clinical  research  and  training  programs 
in  the  areas  of  genetics  and  endocrinology,  a  diversity  of  developmental  models 
are  under  study  in  twelve  fundamental  research  Laboratories,  drawing  upon 
observations  in  bacteria,  Drosophila,  yeasts,  viruses,  molluscs,  frogs,  ro- 
dents, and  subhuman  primates.  Disciplines  employed  in  these  studies  include 
biochemistry,  virology,  molecular  biology,  immunology,  pharmacology,  genetics, 
cell  and  neuronal  biology,  biophysics,  mathematical  and  theoretical  biology, 
reproductive  physiology,  and  comparative  ethology. 

During  the  past  year,  we  have  continued  to  strengthen  a  number  of  research 
programs  that  we  believe  to  have  a  particular  promise  and  timeliness.  In  these 
areas,  new  resources  have  been  added  so  that  the  investigators  will  be 
optimally  poised  to  exploit  their  recent  findings.  These  programs  address 
questions  in  cell  and  molecular  biology,  wherein  we  anticipate  significant 
results  with  broad  implications  for  biomedical  research.  One  topic  of  great 
interest  is  being  pursued  by  the  Cell  Biology  and  Metabolism  Branch,  which 
focuses  on  the  developmental  and  regulatory  aspects  of  various  cellular 
organelles  and  receptors.  Investigators  in  this  Branch  are  studying  struc- 
ture-function relationships  as  well  as  molecular  regulation  of  interleukin-2  (T 
cell  growth  factor)  receptors.  A  similar  approach  is  being  taken  to  studies  on 
the  T  cell  antigen  receptor.  Both  types  of  receptors  influence  the  prolifera- 
tion and  activity  of  immunocytes,  and  anomalies  in  their  structure  or  regula- 
tion may  underlie  many  immunological  disorders. 

The  Laboratory  of  Molecular  Genetics  is  expanding  its  interest  in  homeotic 
genes,  which  specify  the  spatial  and  temporal  parameters  of  organ  and  limb 
morphology  during  development  of  the  fruit  fly,  Drosophila  melanogaster .  Re- 
cently, it  has  become  apparent  that  these  very  important  genes,  which  play  a 
critical  role  in  normal  embryogenesis,  have  been  highly  conserved  through 
evolution,  and  homologous  genes  appear  to  be  present  in  humans.  The  LMG  is 
also  continuing  to  expand  its  work  in  yeast  genetics.  Yeast  is  a  eukaryotic 
organism  which  offers  a  level  of  genetic  and  molecular  analysis  that  is  diffi- 
cult to  achieve  in  higher  eukaryotes.  Moreover,  many  essential  genetic  mecha- 
nisms and  biochemical  pathways  manifested  in  the  human  are  demonstrable  in  this 
organism.  Much  emphasis  has  also  been  given  to  work  on  the  transgenic  mouse  in 
the  LMG.  This  work  has  flourished  during  the  past  year,  and  many  new  trans- 
genic mouse  strains  have  been  established,  displaying  the  addition  or  deletion 
of  heritable  characteristics.  The  transgenic  mouse  model  presents  extraordi- 
nary opportunities  for  the  study  of  tissue-specific  temporal  gene  regulation, 
particularly  during  mammalian  development,  but  the  work  also  serves  as  a  prel- 
ude to  gene  therapy  in  humans. 
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An  area  that  has  received  much  recent  attention,  in  both  the  Laboratory  of 
Developmental  Neurobiology  and  the  Laboratory  of  Neurochemistry  and  Neuro- 
immunology,  relates  to  the  cell  biology  of  brain  development,  especially  the 
hormonal  and  electrical  phenomena  that  endow  the  young  mammalian  brain  with  its 
rich  but  still  not  well-appreciated  structural  and  functional  plasticity.  Tools 
have  also  become  available  to  apply  classical  molecular  biological  techniques 
to  the  study  of  gene  regulation  in  the  nervous  system,  and  we  plan  to  pursue 
this  area  vigorously. 

In  clinical  research,  the  Human  Genetics  Branch  has  been  intensifying  its 
efforts  in  the  diagnosis  and  treatment  of  human  genetic  diseases,  especially 
osteogenesis  imperfecta  and  various  inborn  errors  of  metabolism  such  as 
cystinosis.  Here  too,  the  availability  of  powerful  new  molecular  and  cell 
biologic  tools  is  permitting  our  investigators  to  illuminate  the  underlying 
mechanisms  of  these  diseases  and  to  devise  new  therapies. 

The  Laboratory  of  Developmental  and  Molecular  Immunity  has  expanded  both  its 
applied  and  basic  studies.  Much  effort  has  gone  into  the  development  of  bacte- 
rial vaccines,  the  design  of  which  is  predicated  upon  an  understanding  of  the 
development  of  the  immune  system  in  infants  and  children.  In  particular,  the 
group  responsible  for  these  efforts  has  focused  on  new  vaccines  directed 
against  pertussis,  H.  influenzae,  Salmonella  typhi,  and  meningococcus--all 
agents  with  great  consequences  for  the  public  health.  At  the  more  basic  level, 
the  LDMI  has  moved  heavily  into  studies  on  the  molecular  regulation  of  genes 
which  influence  important  immunological  phenomena  such  as  the  expression  of 
class  I  mixed  histocompatibility  (MHC)  antigens,  and  the  interferon  system. 

A  number  of  new  areas  in  endocrinology  have  received  particular  attention 
during  the  past  year,  again  ranging  from  the  applied  to  the  basic.  At  the  more 
applied  level,  the  Laboratory  of  Theoretical  and  Physical  Biology  has  expanded 
its  efforts  in  the  development  of  algorithms  and  computer  programs  that  guide 
the  therapeutic  management  of  chronic  disorders  such  as  diabetes.  The  programs 
have  the  potential  to  greatly  refine  treatment  regimens,  and  also  encourage  the 
patient  with  access  to  a  computer  to  take  a  more  active  role  in  his  or  her  own 
treatment.  The  national  data  base  being  accrued  through  the  use  of  these 
programs  is  clearly  an  invaluable  clinical  research  tool.  At  the  more  basic 
level,  much  new  effort  in  the  Endocrinology  and  Reproduction  Research  Branch, 
as  well  as  the  Developmental  Endocrinology  Branch,  has  been  devoted  to  cell 
biologic  and  molecular  studies  which  exploit  the  growing  awareness  that  hor- 
mones and  releasing  factors,  formally  thought  to  have  roles  only  within  the 
endocrine  axis,  in  fact  have  far  broader  roles,  particularly  with  respect  to 
the  integration  of  global  brain  responses  such  as  occur  in  stress,  hyper- 
tension, and  depression.  In  clinical  research,  the  Developmental  Endocrinology 
Branch  is  assessing  the  new  generation  of  therapeutic  hormones,  e.g.,  growth 
hormone,  produced  by  recombinant  DNA  technology,  as  well  as  novel  glucocorti- 
coid and  progesterone  antagonists  which  block  binding  of  the  endogenous  hor- 
mones to  their  receptors.' 

The  Laboratory  of  Comparative  Ethology,  established  late  in  1983,  continues  to 
undergo  a  major  building  program.  An  extensive  outdoor  facility  for  free- 
ranging  primates,  employed  in  observational  studies  on  the  genetics  of  behav- 
ior, is  now  in  place,  and  construction  of  a  three-floor  indoor  facility,  in- 
cluding breeding  quarters  and  a  newborn  nursery,  has  been  recently  completed. 


These  facilities  are  located  at  the  NIH's  Animal  Center  in  Poolesville, 
Maryland. 

The  Laboratory  of  Developmental  Pharmacology,  which  has  (for  almost  two  dec- 
ades) focused  on  the  cytochrome  P450-associated  enzyme  system  (highly  conserved 
from  prokaryotes  to  man),  is  fast  approaching  the  development  of  molecular- 
biology  based  assays  for  determining  the  individual  genetic  polymorphisms  which 
influence  the  function  of  this  system.  The  P450  enzymes  are  responsible  for 
the  metabolism  and  detoxification  of  endogenous  ligands  as  well  as  countless 
environmental  chemicals  which  can  cause  birth  defects,  cancers,  and  idiosyn- 
cratic drug  responses.  Intensive  effort  is  being  put  into  the  cloning  and 
sequencing  of  the  many  genes  involved  in  the  P450-system,  so  as  to  develop 
useful  probes  for  individual  risk  assessment,  e.g.,  the  risk  of  lung  cancer 
faced  by  a  given  cigarette  smoker. 

Finally,  the  laboratories  of  the  Scientific  Director  and  Deputy  Scientific 
Director  have  expanded  their  studies  on  growth  factors,  especially  nerve 
growth  factor  (NGF)  and  transforming  growth  factors  (TGF's),  as  it  has  become 
increasingly  evident  that  these  factors  may  play  critical  but  complex  roles  in 
normal  development  as  well  as  such  diseases  as  cancer  and  chronic  neurological 
disorders.  Much  effort  is  also  being  directed  to  studies  on  the  mechanism  of 
mammalian  mutagenesis,  taking  advantage  of  new  recombinant  DNA  tools  such  as 
"shuttle  vectors." 

The  Institute  continues  to  acquire  additional  laboratory  space.  Construction 
for  a  three-floor  addition  to  Building  6  is  almost  completed,  and  will  provide 
twenty-five  new  laboratory  modules,  as  well  as  an  extensive  animal  facility. 
This  new  space  will  accommodate  the  Laboratory  of  Developmental  Pharmacology, 
one  section  of  the  Laboratory  of  Developmental  and  Molecular  Immunity,  and  the 
DNA/protein  Sequencing  and  Synthesis  Unit  of  the  Endocrinology  and  Reproduction 
Research  Branch.  When  these  moves  are  complete,  we  will  be  able  to  move  the 
Laboratory  of  Theoretical  and  Physical  Biology  into  larger,  centralized  quar- 
ters, and  as  well,  we  shall  increase  the  amount  of  laboratory  space  assigned  to 
a  number  of  other  Laboratories  and  Branches  located  in  the  Clinical  Center, 
including  the  Human  Genetics  Branch,  the  Developmental  Endocrinology  Branch, 
and  the  Endocrinology  and  Reproduction  Research  Branch.  Within  the  neuroscience 
complex  (Buildings  36  and  37)  we  have  recently  added  twenty  additional  modules 
for  neurobiology  research.  The  space  is  now  being  renovated  and  should  be 
ready  for  occupancy  in  1987.  Plans  are  underway  also  for  a  large  additional 
structure  annexed  to  Building  6  (Bldg.  6  "B" )  that  would  house  a  large  trans- 
genic mouse  facility,  as  well  as  additional  laboratory  and  animal  space. 
Finally,  the  Congress  has  appropriated  $5  million  in  1987  for  the  design  of  a 
new  building  ("49")  on  the  NIH  campus  that  would  house  elements  of  the  NICHD 
(especially  neuroscience  laboratories),  as  well  as  neuroscience  laboratories  of 
other  Institutes  and  a  campus-wide  primate  facility.  Assuming  that  Congress 
will  appropriate  construction  funds  for  "Building  49,"  this  Program  will  have 
grown  from  41,000  square  feet  of  laboratory  space  (in  1983)  to  110,000  square 
feet  by  1990. 

In  major  personnel  changes  during  the  past  year,  Dr.  William  Gahl  was  granted 
tenure  in  the  Human  Genetics  Branch  and  Dr.  Fernando  Cassorla  in  the  Develop- 
mental Endocrinology  Branch.  Dr.  Richard  Knazek  transferred  to  the  Developmen- 
tal Endocrinology  Branch  from  the  NCI,  and  Dr.  Robert  Klein  left  the  Laboratory 
of  Comparative  Ethology  to  join  the  Division  of  Computer  Research  Technology. 
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Our  clinical  and  laboratory  research  fellowships  for  physicians  in  adult, 
pediatric,  and  reproductive  endocrinology,  as  well  as  the  fellowship  in  medical 
genetics,  continue  to  thrive,  and  in  the  past  year,  we  have  developed  new 
sources  of  support  for  post-doctoral  (Ph.D.  and  M.D.)  fellows.  These  funds 
include  post-doctoral  stipends  paid  by  the  Institute  but  which  do  not  encumber 
regular  government  positions.  We  anticipate  that  these  new  mechanisms  will 
greatly  enhance  our  ability  to  offer  post-doctoral  training.  The  new  mecha- 
nisms include  an  Intramural  National  Research  Scholarship  Award  (NRSA)  program 
for  M.D.'s  with  a  Public  Health  Service  pay-back  obligation,  a  contractual 
program  for  the  support  of  intramural  training  in  biotechnology  administered  by 
the  National  Research  Council  of  the  National  Science  Foundation,  and  a  new 
fellowship  program  which  began  October  1,  1986  that  is  intended  for  American 
post-doctoral  candidates  (Ph.D.s  or  M.D.s).  The  latter  mechanism  is  the  domes- 
tic equivalent  of  our  long-standing  Visiting  Fellow  Program  for  post-doctoral 
candidates  from  abroad.  The  new  program  (Intramural  Research  Training  Award, 
or  "IRTA")  will  only  be  limited  by  available  funds.  We  have  also  been  success- 
ful in  identifying  new  donors  of  stipends,  including  endowments  by  private 
industry  and  foundations.  NICHD  funds  administered  by  the  NIH's  Fogarty  Inter- 
national Center  have  been  employed  for  the  support  of  sabbatical  visits  by 
senior  scientists  from  abroad.  Moreover,  a  number  of  foreign  post-doctoral 
fellows  have  been  awarded  stipends  for  training  in  our  laboratories  under  the 
terms  of  formal  bilateral  agreements  generated  between  the  NIH  and  several 
countries  in  Europe,  Asia,  and  the  Middle  East.  Finally,  a  number  •  of  medical 
students  supported  by  the  new  Howard  Hughes  Foundation  program  at  the  NIH  are 
working  in  our  laboratories  during  an  elective  year,  and  our  Summer  Student 
Program  continues  to  be  very  successful,  with  more  than  fifty  undergraduate, 
graduate,  and  medical  students  working  in  our  laboratories  this  year  (most  were 
here  on  a  volunteer  basis). 

Peer  review  of  intramural  research,  conducted  by  the  Institute's  Board  of 
Scientific  Counselors  and  ad  hoc  experts,  continues  to  receive  great  emphasis, 
with  rigorous  site  visits  to  each  Lab  at  four  year  intervals.  During  the  past 
year,  visits  were  made  to  the  Human  Genetics  Branch,  the  Laboratory  of  Neuro- 
chemistry  and  Neuroimmunology ,  and  the  Laboratory  of  Developmental  and  Molecu- 
lar Immunity,  with  detailed  critiques  prepared  as  a  consequence  of  these  vis- 
its. The  membership  of  the  Board  of  Scientific  Counselors  reflects  the 
increasing  diversity  of  research  interests  within  this  Intramural  Program.  The 
current  Board  membership  includes: 

Joseph  G.  Gall,  Ph.D.,  Senior  Member,  Department  of  Embryology,  Carnegie  Insti- 
tution of  Washington  (Chairman) 

Stanley  Cohen,  Ph.D.,  Professor,  Department  of  Biochemistry,  Vanderbilt  Univer- 
sity* 

John  C.  Marshall,  M.D.,  Ph.D.,  Professor,  Department  of  Medicine,  University 
of  Michigan 


*  We  were  delighted  to  learn  in  October  that  Stanley  Cohen,  together  with  Rita 
Levi-Montalcini ,  won  the  1986  Nobel  Prize  in  Medicine  or  Physiology  for  their 
discovery  of  Nerve  Growth  Factor. 
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Lewis  P.  Lipsitt,  Ph.D.,  Professor,  Department  of  Psychology,  Brown  University 

Allen  H.  Neims,  M.D.,  Ph.D.,  Professor  and  Chairman,  Department  of  Pharmacology 
and  Therapeutics,  University  of  Florida 

Story  C.  Landis,  Ph.D.,  Professor,  Department  of  Neurobiology,  Case  Western 
Reserve  University 

Merry  R.  Sherman,  Ph.D.,  Professor,  Department  of  Biochemistry,  Rutgers  Univer- 
sity 

Harold  Amos,  Ph.D.,  Professor,  Department  of  Bacteriology  and  Immunology, 
Harvard  Medical  School 

John  Phillips,  Jr.,  M.D.,  Professor,  Department  of  Human  Genetics,  Vanderbilt 
University  School  of  Medicine 

Other  developments  in  the  past  year  include  the  continued  strengthening  of  all 
aspects  of  the  management  of  animals  employed  in  our  research.  Dr.  John 
Donovan,  the  Institute's  veterinarian,  left  during  the  year  to  become  Chief 
Veterinarian  for  the  National  Cancer  Institute,  but  we  have  been  fortunate  to 
recruit  Dr.  William  Stokes  from  the  U.S.  Army  Medical  Research  Command  to  fill 
this  position.  We  have  continued  to  develop  new  computer-based  administrative 
procedures  in  the  Office  of  the  Scientific  Director  so  as  to  maximize  the 
efficiency  with  which  our  resources  are  deployed.  These  new  administrative 
approaches  are  ensuring  the  maximum  yield  with  respect  to  scientific  productiv- 
ity while  the  current  climate  of  constrained  resources  persists. 

Seminars  by  the  twelve  Laboratories  and  Branches  in  this  Program  were  numerous 
and  well  attended  throughout  the  year,  such  that  this  Institute  organized  a 
relatively  large  fraction  of  the  NIH's  overall  offering  of  intramural  seminars 
and  workshops.  During  the  past  year  also,  three  major  international  confer- 
ences were  organized  by  Laboratories  of  the  Intramural  Research  Program  on  the 
Bethesda  campus,  including- 

The  Molecular  Genetics  of  Development  in  Frogs,  Flies,  and  Mice  (Laboratory  of 

Molecular  Genetics) 
Mechanisms  of  Physical  and  Emotional  Stress   (Developmental  Endocrinology 

Branch) 
Advances  in  Research  on  Human  Growth  (Developmental  Endocrinology  Branch) 

Another  meeting,  on  developmental  biology,  was  organized  by  this  intramural 
research  program  and  the  Centre  National  de  la  Recherche  Scientif ique ,  and  held 
in  Paris  during  October;  speakers  included  Drs.  Dawid,  Ozato,  Westphal,  Nelson, 
and  Levine.  During  the  coming  year,  in  honor  of  the  NIH's  centennial,  we  plan 
major  conferences  on  the  Cytochrome  PM50  System,  Neuronal  Plasticity,  the 
Molecular  and  Developmental  Regulation  of  the  Immune  System,  and  the  Bio- 
chemistry of  Receptor  Activation. 

During  the  year,  we  were  especially  honored  by  the  choice  of  Dr.  Igor  Dawid 
(Chief,  Laboratory  of  Molecular  Genetics)  to  present  the  NIH's  Annual  Mider 
Lecture,  one  of  only  two  named  lectureships  at  this  Institution.  Dr.  Dawid  was 
also  awarded  the  Presidential  Meritorious  Executive  Rank  Award  for  his  excep- 
tional role  as  a  scientific  leader.  We  have  also  been  honored  by  the  award  to 
Dr.  Daniel  Nebert  (Chief,  Laboratory  of  Developmental  Pharmacology)  of  the 
Bernard  Brodie  Award  of  the  American  Society  for  Pharmacology  and  Experimental 
Therapeutics  in  recognition  of  the  landmark  work  that  Nebert  has  accomplished 
on  the  pharmacogenetics  of  the  cytochrome  P-450  system.    Dr.  Heiner  Westphal 
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received  the  Public  Health  Service's  Superior  Service  Award  for  his  exceptional 
productivity  in  studies  on  the  transgenic  mouse.  Dr.  David  Rodbard  received 
the  Public  Health  Service's  Meritorious  Service  Medal  for  his  development  of 
algorithms  that  have  improved  the  management  of  diabetes  and  other  chronic 
illnesses.  Dr.  Richard  Klausner  also  received  the  Meritorious  Service  Medal 
for  having  provided  the  first  comprehensive  view  of  the  molecular  regulation  of 
iron  metabolism,  vital  to  all  aspects  of  cell  viability  and  proliferation.  Dr. 
David  Klein  received  the  NIH  Director's  Award  for  his  body  of  work  on  the 
structure  and  function  of  the  pineal  gland  and  the  regulation  of  its  important 
biosynthetic  pathways.  Dr.  John  Donovan  was  awarded  the  PHS's  Commendation 
Medal  for  his  leadership  in  NIH  animal  care  issues.  Additionally,  many  of  the 
Institute's  Senior  Investigators  held  honorary  lectureships  and  visiting 
professorships  during  the  year;  major  prizes  for  research  accomplishments  were 
awarded  to  a  number  of  our  scientists  by  various  universities  and  societies. 

Finally,  we  are  currently  sponsoring  two  distinguished  senior  scientists  in  the 
Fogarty  Scholars-in-Residence  Program,  Professor  Donald  Brown  of  the  Carnegie 
Institution  (Washington)  and  Professor  Itzhak  Parnas  of  the  Hebrew  University 
(Jerusalem),  who  are  working  in  our  Laboratories  during  their  sabbaticals. 

In  December  of  1982,  this  Institute  embarked  upon  an  ambitious  program  designed 
to  improve  the  quality  and  quantity  of  its  intramural  scientific  productivity, 
even  as  the  rate  of  growth  in  research  support  declined.  As  one  reflection  of 
our  success  in  this  regard  during  the  past  four  years,  NICHD  intramural  scien-^ 
tists  this  year  published  more  than  twice  the  number  of  peer-reviewed  original 
scientific  reports,  appearing  in  journals  of  stature,  than  had  been  the  case 
prior  to  the  beginning  of  this  new  direction.  Moreover,  one  out  of  every  two 
of  our  post-doctoral  scientists  is  now  fully  supported  by  a  stipend  awarded 
from  a  non-NIH  source — reflecting,  we  believe,  the  current  quality  and  produc- 
tivity of  this  Intramural  Program. 

With  regard  to  the  major  research  interests  and  scientific  results  during  the 
past  year,  particularly  notable  are  the  findings  described  on  the  following 
pages. 
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Laboratory  of  Molecular  Genetics" 
Igor  Dawid,  Ph.D.,  Chief 

Investigators  in  this  Laboratory  use  the  tools  of  molecular  and  cellular  biol- 
ogy to  answer  questions  about  gene  transmission  and  recombination,  and  the 
regulation  of  genetic  functions  during  development.  The  range  of  model  systems 
under  investigation  includes  bacterial  and  animal  viruses,  transformed  animal 
cells,  yeasts,  mouse  and  Xenopus  embryos,  and  the  fruit  fly  Drosophila 
melanogaster.  Although  this  diversity  of  model  systems  is  broad,  the  Labora- 
tory relies  on  a  commonality  of  basic  interests,  conceptual  approaches  and 
technologies.  Recombinant  DNA  and  gene  transfer  methods  are  emphasized.  The 
development  of  novel  vectors  is  being  pursued  for  the  introduction  and  expres- 
sion of  isolated  genes  in  animal  cells. 

During  the  past  year,  the  members  of  the  Laboratory  have  continued  to  utilize 
the  methods  of  molecular  biology  to  gain  insight  into  mechanisms  of  regulation 
of  the  genetic  material,  especially  in  response  to  environmental  stimuli  such 
as  the  nutritional  state  and  during  the  multifaceted  events  of  differentiation. 
Different  biological  systems  were  studied,  each  with  its  unique  characteris- 
tics, special  points  of  interest,  and  particular  suitability  for  answering 
specific  questions.  Advances  have  been  made  in  many  areas.  Particularly 
interesting  are  results  obtained  in  the  study  of  transgenic  mice  which  high- 
light the  correlation  between  the  targeted  expression  of  an  oncogene  and  tis- 
sue-specific tumorigenesis,  as  well  as  the  relationship  between  transformation 
and  differentiation.  Other  significant  results  concern  the  mechanism  of 
translational  regulation  of  a  yeast  protein  that  controls  transcription,  offer- 
ing the  first  detailed  insight  into  a  novel  and  probably  general  type  of  regu- 
latory network  in  a  eukaryotic  cell. 

Gene  regulation  in  Transgenic  Mice 

Heiner  Westphal  and  his  colleagues  have  established  in  the  Laboratory  the 
methodology  of  inserting  genetic  material  into  the  mouse  germline  to  produce 
transgenic  mice.  Fertilized  eggs,  micro- injected  with  any  DNA  of  interest,  are 
carried  to  term  in  surrogate  mothers.  In  general,  this  methodology  yields 
results  in  three  different  areas,  all  of  which  are  represented  in  the  work  of 
this  group:  (i)  The  determination  of  the  control  regions  of  individual  genes 
that  are  required  for  temporal  and  tissue-specific  regulation  in  the  whole 
animal;  (ii)  insertion  of  genes  that  have  a  dominant  effect  in  the  transgenic 
animal;  and  (iii)  production  of  mutants  through  insertional  mutagenesis.  Re- 
sults relevant  to  point  (i)  have  been  reported  in  the  previous  Annual  Report; 
the  clearest  result  in  this  area,  and  the  one  relevant  to  current  work,  is  the 
observation,  made  in  collaboration  with  Joram  Piatigorsky  and  his  colleagues  in 
the  National  Eye  Institute,  that  a  region  of  only  109  nucleotides  from  the  5' 
region  of  the  aA-crystallin  gene  can  direct  the  proper  expression  of  a  marker 
gene  (chloramphenicol  acetyltransf erase,  CAT)  in  the  transgenic  mouse.  CAT 
activity  was  found  only  in  the  lens  fiber  and  epithelial  cells  beginning  at 
12.5  days  of  gestation,  showing  precise  temporal  and  spatial  regulation  of  the 
otA-crystallin/CAT  fusion  gene. 

The  results  summarized  above  define  a  highly  specific  promoter  element,  the 
properties  of  which  were  used  to  target  the  expression  of  an  oncogene  to  a 
specific  tissue,  with  the  aim  of  producing  a  dominant  phenotype  in  a  trans- 
genic strain.  The  SV40  T  antigen  gene  (the  transforming  gene  of  this  DNA  tumor 


virus)  was  fused  to  the  ctA-erystallin  promoter  and  inserted  into  the  germ  line. 
The  resultant  progeny  reproducibly  exhibited  bilateral  cataracts  as  soon  as  the 
newborns  opened  their  eyes.  Histological  studies  employing  standard  staining, 
as  well  as  immunocytochemistry  and  Jlti  situ  hybridization  with  nucleic  acid 
probes,  showed  that  the  lenses  of  these  animals  were  filled  with  transformed 
cells.  Such  cells  stained  for  both  T  antigen  and  crystallins,  but  crystallin 
staining  was  patchy.  Transformed  cells  were  first  detectable  at  the  time  of 
initial  crystallin  expression;  thus,  it  appears  that  as  the  lens  cells  begin  to 
differentiate,  crystallin  genes  are  turned  on,  and  with  them,  the  hybrid 
crystallin/T-antigen  genes.  Very  shortly  after  this  time,  the  phenotypic 
effects  of  transformation  become  detectable.  The  affected  mice  usually  die  at 
an  age  of  3  to  1  months.  However,  removal  of  the  eyes  at  birth  appears  to 
prolong  their  lifespan;  one  such  operated  animal  died  at  6  months  with  evidence 
of  multiple  tumors,  all  of  which  expressed  the  SV40  T  antigen.  These  results 
are  of  considerable  interest  from  several  points  of  view,  among  them  the  gen- 
eration of  lens  tumors— which  do  not  occur  under  natural  conditions  in  any 
animal  including  humans.  Further,  the  time  course  of  transformation  in  a 
differentiating  tissue,  and  the  apparent  suppression  of  the  differentiated 
phenotype  by  transformation  (reduction  in  crystallin  expression),  can  be  stud- 
ied both  _in  vivo  and  _in  vitro  in  cells  cultured  from  the  affected  lens. 

Observations  relevant  to  insertional  mutagenesis  have  also  been  made.  Two 
dominant  traits  and  one  recessive  trait  have  been  observed  among  the  transgenic 
mice  studied  so  far.  The  dominant  trait  in  both  cases  is  small  litter  size, 
which  appears  by  cytogenetic  analysis  to  be  due  to  chromosomal  translocations. 
One  translocation  which  has  been  studied  in  detail  is  linked  to  the  inserted 
foreign  DNA,  and  appears  to  have  been  precipitated  by  the  insertional  event. 
The  recessive  trait  is  syndactyly;  again,  it  may  be  hypothesized  that  the 
mutation  has  been  generated  by  the  insertion  of  the  foreign  DNA  into  a  locus 
involved  with  limb  formation.  The  great  advantage  of  mutations  generated 
through  DNA  insertion,  as  opposed  to  more  traditional  mutagens,  is  that  the 
introduced  DNA  and  the  regions  flanking  it  can  be  isolated  from  a  library  of 
the  mutant  genome  by  virtue  of  the  available  transgenic  sequence.  Such  an 
approach  might  allow  the  study  of  developmentally  interesting  genes  (i.e.,  the 
DNA  flanking  the  "probe")  with  no  known  products  in  a  mammalian  species. 

In  sum,  the  results  obtained  demonstrate  that  the  transgenic  mouse  system 
provides  an  approach  to  the  study  of  gene  regulation  and  developmental  mecha- 
nisms in  the  mammal  that  goes  well  beyond  anything  possible  before  the  intro- 
duction of  this  new  and  powerful  methodology.  Indeed,  the  transgenic  mouse 
will  revolutionize  biomedical  research  as  did  the  advent  of  tissue  culture  in 
an  earlier  era. 

The  Mechanism  of  General  Amino  Acid  Control  in  Yeast 

The  group  headed  by  Alan  Hinnebusch  is  concerned  with  the  regulatory  pathway  in 
yeast  known  as  "general  amino  acid  control."  Yeast  is  a  eukaryotic  organism 
which  offers  a  level  of  'genetic  and  molecular  analysis  that  is  difficult  to 
achieve  in  higher  eukaryotes.  A  multitude  of  yeast  structural  and  regulatory 
mutations  have  been  identified  and  located  on  the  yeast  genetic  map,  and  the 
cognate  wild-type  DNA  sequences  encoding  many  of  these  genes  have  been  iso- 
lated. Mutations  can  be  introduced  into  cloned  yeast  genomes  in  place  of  the 
wild-type  sequences.  In  this  way,  novel  mutations  have  been  constructed  and 
analyzed  in  vivo  in  their  correct  chromosomal  locations.   It  is  becoming  clear 


that  yeast  cells  share  with  cells  of  higher  eukaryotes  a  variety  of  important 
structures  and  processes.  As  a  result,  it  is  possible  to  study  these  features 
of  eukaryotic  cell  biology  in  yeast  using  a  powerful  arsenal  of  molecular  and 
genetic  techniques.  Moreover,  results  obtained  in  yeast  should  provide  useful 
paradigms  to  guide  studies  of  analogous  processes  in  higher  cells.  As  an 
example,  the  mechanism  of  coordinate  regulation  of  the  transcription  of  un- 
linked genes  is  central  to  the  control  of  cellular  differentiation  in  higher 
eukaryotes.  The  "general  amino  acid  control"  found  in  yeast  is  a  useful  model 
of  this  type  of  gene  regulation.  Hinnebusch  and  his  colleagues  have  continued 
their  studies  on  this  system  that  regulates  the  production  of  more  than  30 
amino  acid  biosynthetic  enzymes  according  to  the  availability  of  amino  acids  in 
the  medium.  It  has  been  shown  previously  that  the  GCNH  locus  is  the  proximal 
regulatory  element  of  the  many  target  genes;  there  is  strong  evidence  that  the 
GCNM  product  is  a  transcriptional  regulator  of  these  genes.  It  has  also  been 
shown  that  GCN4  expression  is  regulated  at  the  translational  level  and  that 
several  other  loci,  to  be  discussed  below,  are  involved  in  this  regulation.  The 
mechanism  of  GCN4  regulation  was  explored  further  in  the  current  year.  Four 
short  open  reading  frames  (ORF's)  occur  in  the  long  leader  sequence  of  the  GCM 
mRNA;  their  total  deletion  leads  to  unregulated  high  expression  of  the  GCNM 
product.  Point  mutagenesis  affecting  each  of  the  ORF's  individually  and  in 
groups  was  carried  out  and  demonstrated  that  either  of  the  two  3' -proximal 
ORF's  is  necessary  and  sufficient  for  repression  of  GCN4.  The  two  5' -proximal 
ORF's  do  not  have  such  a  repressing  role  but  rather  appear  to  act  positively: 
They  are  required  for  efficient  GCN4  expression  during  starvation.  The  intei — 
action  between  the  3'  and  5'  ORF's  is  mediated  by  another  locus,  GCD1 ,  that 
acts  further  upstream  in  the  hierarchy  of  general  control.  GCD1  is  required 
for  normal  repression  of  GCNM  when  amino  acids  are  available;  in  gcd  mutants 
GCN4  and  consequently  the  general  control  genes,  are  constitutively 
derepressed.  This  function  appears  to  be  mediated  through  the  5 '-proximal 
ORF's  since  GCNM  constructs  which  have  only  one  3' 'proximal  ORF  are  always 
repressed,  even  in  gcdl  mutants. 

The  path  from  an  external  signal  -  the  presence  or  absence  of  amino  acids  -  to 
regulation  of  the  general  control  genes  is  mediated  by  several  loci.  GCD1 ,  the 
locus  mentioned  above,  is  just  one  of  a  class  of  genes  required  for  repression 
of  GCN4.  A  genetic  study  carried  out  by  S.  Harashima  and  A.  Hinnebusch  identi- 
fied four  new  GCD  loci  in  addition  to  isolating  new  alleles  in  the  previously 
known  locus.  All  five  of  these  genes  are  required  to  repress  translation  of 
GCN4  under  conditions  of  amino  acid  availability.  Mutations  in  these  five  genes 
have  pleiotropic  effects,  including  increased  sensitivity  to  aminoglycosidic 
antibiotics,  suggesting  that  the  wild  type  gene  products  are  involved  in  pro- 
tein synthesis;  this  makes  sense  for  components  that  mediate  translational 
regulation.  The  GCD1  and  GCD2  functions  are  required  for  progression  through 
the  cell  cycle. 

Mutations  in  GCD  genes  overcome  the  effects  of  mutations  in  the  positive 
regulators  GCN2  and  GCN3,  suggesting  that  these  GCN  genes  act  by  antagonism  of 
GCD-mediated  negative  regulation  of  GCN4.  E.  Hannig  and  S.  Harashima  have 
found  that  expression  of  both  the  regulatory  and  temperature  sensitive  cell- 
cycle  phenotypes  of  certain  gcdl  and  gcd2  mutations  requires  a  null  allele  of 
gcn3_:  In  a  GCN3+  strain,  the  phenotypes  of  these  gcd  mutations  are  suppressed. 
Importantly,  gcn3~102,  which  is  completely  defective  for  positive  regulation  of 
GCN4,  behaves  more  like  GCN3*  and  suppresses  these  gcd  mutations.  The  allele 
specificity  of  these  interactions  suggests  that  the  GCN 3*  or  gcn3-102  proteins 
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can  interact  with  and  stabilize  thermolabile  gcd  proteins.  In  this  model,  a 
complex  between  GCN3  and  GCD  proteins  is  responsible  both  for  coordinating  the 
translational  efficiency  of  GCN4  mRNA  with  amino  acid  availability,  and  for  an 
essential  function  required  for  progression  through  the  cell  cycle. 

The  particular  interest  of  this  work  stems  from  its  detailed  analysis  of  the 
mechanism  of  translational  control  of  transcription  in  a  eukaryotic  cell.  In 
prokaryotes,  modulation  of  translation  of  mRNA,  while  it  is  still  being  synthe- 
sized on  its  DNA  template,  provides  for  a  regulatory  mechanism  that  has  been 
appreciated  for  some  time.  The  nuclear/cytoplasmic  division  in  eukaryotes 
makes  this  type  of  mechanism  impossible;  however,  the  work  summarized  here 
provides  insight  into  a  mechanism  by  which  translational  regulation  of  a 
transcriptional  activator  links  the  events  of  protein  and  RNA  synthesis  in  a 
regulatory  loop. 

Gene  Expression  during  Embryonic  Development  of  Xenopus  laevis 

Igor  Dawid,  Tom  Sargent  and  their  colleagues  have  continued  their  work  on 
molecular  mechanisms  of  development  in  the  frog,  Xenopus — a  superb  model  for 
studies  of  vertebrate  development.  A  set  of  genes  that  are  expressed  for  the 
first  time  in  late  blastula  to  gastrula  stages  has  been  used  to  generate  mark- 
ers for  the  earliest  cell  type-specific  functions  in  the  embryo.  A  major  focus 
of  recent  work  has  been  the  family  of  embryo-  and  tadpole-specific  keratin 
genes.  Keratins  are  the  protein  subunits  of  intermediate  filaments  in 
epithelial  cells,  constituting  major  components  of  the  cytoskeleton.  Structural 
studies  have  revealed  the  remarkable  complexity  of  this  gene  family  in  the 
frog.  Seven  distinct  keratin  genes  have  been  isolated  in  this  laboratory  and 
shown  to  be  arranged  in  three  subfamilies.  The  expression  of  these  genes  is 
limited  to  embryos  and  tadpoles  while  other  keratin  genes  are  active  in  adult 
skin  and  other  epithelia.  These  studies  have  been  complemented  by  2-dimen- 
sional  gel  electrophoretic  analysis  of  proteins,  demonstrating  the  complexity 
of  the  keratin  family  by  another  technique.  The  correspondence  between  some  of 
the  2-D  spots  and  certain  cloned  cDNAs  has  been  demonstrated  by  hybrid  arrest 
translation.  The  2-D  gel  analysis  suggests  that  the  major,  but  not  all  of  the 
embryonic  keratin  genes,  have  been  isolated. 

The  most  interesting  aspect  of  the  study  of  keratin  gene  expression  in  the 
embryo  concerns  the  use  of  these  genes  in  the  analysis  of  ectoderm  differentia- 
tion. Previously,  this  laboratory  has  demonstrated  that  activation  of  keratin 
genes  does  not  require  cell-cell  interactions  but  is  an  autonomous  function  of 
embryonic  cells.  In  the  current  year,  detailed  studies  on  the  localization  of 
accumulation  of  keratin  mRNA  and  protein  in  the  embryo  were  carried  out  by  two 
complementary  techniques,  _in  situ  hybridization  in  sections  and  immunofluot — 
escence.  The  former  technique  had  to  be  modified  to  allow  its  effective  use  in 
early  frog  material;  advances  in  this  direction  have  opened  up  important  ave- 
nues for  the  study  of  amphibian  embryogenesis.  The  experiments  show  that 
keratin  genes  are  activated  in  the  outer  layer  of  the  ectoderm  during  the  late 
blastula  stage.  Keratin  filaments  begin  to  form  primarily  at  the  outer  edge  of 
the  ectodermal  cells  shortly  after  gene  activation;  a  much  looser  net  of  fila- 
ments forms  in  the  interior  of  the  outer  cells  and  throughout  the  inner  cell 
layer  of  the  ectoderm.  During  gastrulation,  the  involuting  chordamesoderm 
induces  neural  development  in  a  specific  region  of  the  ectoderm.  Prior  to 
contact  with  the  mesoderm,  the  prospective  neural  ectoderm  does  initiate  kera- 
tin gene  expression;  however,  shortly  after  contact  with  the  mesoderm,  the 
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accumulation  of  keratin  mRNA  and  protein  ceases  and  the  previously  formed 
material  decays.  These  results  lead  to  the  conclusion  that  keratin  gene  activa- 
tion in  the  embryo  is  initiated  in  the  ectoderm  as  a  result  of  preexisting 
localized  information,  but  subsequent  activity  is  modulated  by  inductive  inter- 
actions. Cessation  of  keratin  mRNA  accumulation  is  the  earliest  available 
molecular  marker  for  the  differentiation  of  the  central  nervous  system  in  the 
amphibian.  The  use  of  this  marker  made  possible  the  conclusion  that  pre-neural 
and  pre-epidermal  ectoderm  express  some  of  the  same  genes  which  distinguish  the 
ectoderm  from  endoderm  and  presumptive  mesoderm.  Subsequently,  probably  as  a 
result  of  inductive  influences  generated  from  the  chordamesoderm,  the  neural 
and  epidermal  pathways  diverge,  as  reflected  in  increasingly  different  sets  of 
tissue-specific  products.  It  is  hoped  that  the  isolation  of  embryonic  neu- 
ral-specific genes  will  allow  the  further  analysis  of  these  phenomena  in  the 
near  future. 

Molecular  Genetics  of  fs(1)h,  a  Maternal  Effect  Homeotic  Gene  in  Drosophila 

Homeotic  genes  have  attracted  much  attention  because  they  appear  to  encode 
factors  that  are  involved  in  the  specification  of  segment  identity  in  the  fly. 
A  classical  example  of  a  homeotic  mutation  is  one  that  yields  legs  emerging 
from  the  head  in  place  of  antennae.  There  is  much  evidence  to  support  the 
notion  that  homeotic  genes  control  entire  pathways  of  tissue  differentiation, 
and  thus  constitute  master  control  loci  in  development.  The  homeotic  loci 
studied  in  many  laboratories  have  exclusively  or  predominantly  zygotic  func- 
tions, i.e.,  the  genotype  of  an  individual  determines  its  phenotype.  However, 
much  work  over  many  years  has  suggested  that  there  are  factors  stored  in  the 
oocyte  that  control  subsequent  development  of  the  embryo;  genes  encoding  such 
factors  would  constitute  maternal-effect  loci  with  profound  effects  on  develop- 
ment. The  locus  studied  by  Igor  Dawid  and  his  colleagues,  fs(1 )h,  has  such 
effects:  It  encodes  a  product  or  products  which  is  stored  in  the  egg  and  is 
required  for  embryogenesis.  Unde>"  certain  conditions,  mutant  females  are 
sterile,  i.e.,  they  lay  eggs  that  die  as  early  embryos,  but  under  different 
conditions  they  produce  progeny  that  exhibit  transformation  of  body  parts 
similar  to  those  seen  in  bithorax  mutations.  These  transformations  are  greatly 
enhanced  in  progeny  flies  that  also  carry  mutations  or  hypodosage  of  other 
homeotic  loci,  especially  of  the  trithorax  (trx)  gene.  A  molecular  study  of 
fs(1)h  is  therefore  a  promising  avenue  to  understanding  certain  aspects  of 
developmental  regulation  through  oocyte  factors. 

The  genome  region  containing  fs( 1 )h  has  been  cloned  previously  by  chromosomal 
walking.  Recently,  transcription  analysis  demonstrated  considerable  complexity 
in  the  RNA  products  of  this  region.  Two  major  ovarian  RNAs,  five  larval  RNAs, 
and  one  pupal  RNA  have  been  identified;  they  are  generated  from  the  same  20 
kb-long  region  by  alternate  splicing,  alternate  3'  ends,  and  possibly  alternate 
starting  points.  cDNA  clones  have  been  isolated  and  are  being  sequenced  at 
present  with  the  aim  of  predicting  protein  products  for  the  locus.  Fusion 
proteins  between  portions  of  fs(1 )h  and  B~galactosidase  have  been  generated  and 
are  being  expressed  in  E.  coli;  the  fusion  proteins  will  be  injected  into 
rabbits  for  production  of  antibodies  that  should  aid  in  the  analysis  of  the 
natural  products  of  the  fs(1 )h  gene. 
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Integration  of  Macromolecular  Synthesis  in  E.  coli 

Michael  Cashel  and  his  colleagues  have  continued  their  studies  on  global  con- 
trol of  metabolism  in  E.  coli ,  an  interest  similar  to  that  of  Hinnebusch  in 
yeast.  This  term  implies  a  regulatory  system  which  allows  the  cell  to  respond 
to  external  conditions,  e.g.,  nutritional  deprivation,  with  adjustments  in 
overall  gene  expression  and  metabolism.  Different  types  of  mechanisms  are 
known  that  mediate  the  control  of  many  genes  in  such  responses;  a  major  mecha- 
nism, and  the  one  studied  by  Cashel' s  group,  involves  the  unusual  nucleotide 
ppGpp.  High  levels  of  ppGpp  in  the  cell  are  correlated  with  inhibition  of 
transcription  of  rRNA,  tRNA  and  other  genes  encoding  components  of  the  protein 
synthesis  machinery,  but  with  stimulation  of  expression  of  amino  acid  bio- 
synthetic  enzymes  and  heat  shock  proteins,  as  well  as  enhanced  proteolysis  and 
accuracy  of  translation.  The  phenomena  studied  in  detail  in  this  laboratory 
concern  inhibition  of  rRNA  synthesis  and  stimulation  of  histidine  operon  ex- 
pression. 

An  important  tool  in  this  work  has  been  the  development  of  bacterial  strains  in 
which  the  level  of  ppGpp  can  be  varied  experimentally  without  changing  the 
richness  of  the  growth  media.  This  has  become  possible  through  the  study  of 
the  spoT  gene  which  encodes  a  3 '-pyrophosphatase  that  accounts  for  the  major 
pathway  of  degradation  of  ppGpp.  The  spoT  gene  has  been  studied  in  its  own 
right,  yielding  its  sequence  and  allowing  the  construction  of  deletions  and 
insertions  that  will  be  used  in  studying  the  functions  of  this  gene  further. 
The  use  of  spoT  mutations  in  changing  _in  vivo  ppGpp  concentrations  at  will 
resulted  in  the  isolation  of  rRNA  promoter  mutations  that  are  insensitive  to 
ppGpp;  these  mutations  will  be  most  helpful  in  future  work.  Further,  it  could 
be  shown  that  the  activity  of  the  rRNA  gene  promoter  P1  correlates  inversely 
with  ppGpp  concentrations  over  the  entire  physiological  range,  suggesting  that 
ppGpp  interacts  directly  with  the  promoter. 

Detailed  studies  have  continued  on  several  unusual  features  of  rRNA  operons, 
including  dual  promoters,  antitermination,  and  dual  terminators  that  apparently 
can  stop  antiterminated  transcripts  (supertermination) .  Novel  results  in  this 
area  includes  the  finding  of  an  antitermination  region  just  upstream  of  the  23S 
RNA  gene,  in  an  analogous  position  to  the  previously  detected  region  upstream 
of  the  1 6S  RNA  gene.  The  question  of  why  two  antitermination  regions  occur  is 
being  studied. 

Enzymes  Involved  in  RNA  Processing 

Robert  Crouch  directs  a  program  with  the  aim  of  analyzing  certain  aspects  of 
RNA  processing.  It  has  been  clear  for  some  time  that  all  RNA  molecules  are 
modified  in  various  ways  after  they  are  synthesized  and  before  they  function: 
the  polymerization  of  nucleotides  into  an  RNA  chain  is  but  the  initial  step  in 
its  production,  and  subsequent  events  are  crucial  in  generating  a  functional 
entity.  Certain  RNAs  act  as  primers  in  replication,  and  enzymatic  mechanisms 
must  exist  that  remove  these  primers  after  they  have  completed  their  function. 
Crouch  and  his  colleagues  have  focused  on  an  enzyme,  RNase  H,  that  appears  to 
be  involved  in  this  event.  RNase  H,  an  enzyme  that  digests  the  RNA  strand  of 
RNA/DNA  hybrids,  occurs  in  all  cells  from  bacteria  to  mammals,  but  its  function 
is  not  fully  understood. 
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The  RNase  H  gene  has  been  cloned  from  E.  coli  t  Salmonella,  and  yeast,  and  the 
sequences  of  these  genes  have  been  determined.  Comparisons  of  these  species 
and  mutant  forms  of  the  E.  coli  enzyme  have  provided  insights  into  enzyme 
structure.  In  yeast,  three  distinct  RNase  H  proteins  have  been  found.  This 
fact  may  explain  the  finding  that  inactivation  of  the  one  RNase  H  gene  that  has 
been  cloned  does  not  lead  to  any  obvious  phenotype. 

The  second  area  of  interest  in  this  group  concerns  RNA  processing  in  mammalian 
cells.  A  mutant  line  of  BHK  cells  impaired  in  the  formation  of  28S  rRNA  due  to 
a  processing  defect  has  been  studied.  Transfection  of  cDNA  generated  from 
normal  mouse  cells  has  resulted  in  the  correction  of  the  processing  defect, 
suggesting  that  the  wild  type  gene  has  been  introduced  into  the  mutant  cell. 
This  result  should  help  in  determining  the  nature  of  the  function  which  is 
defective  in  the  mutant  line  and  through  it,  aid  in  analyzing  the  mechanism  of 
rRNA  processing. 

Control  Mechanisms  in  Bacteriophage  Lambda 

Robert  Weisberg  and  his  colleagues  have  continued  their  studies  on  mechanisms 
of  recombination  and  gene  expression  of  bacteriophage  X,  a  prototypical  and 
elegant  model  for  _in  vivo  studies  on  the  structure  and  funciton  of  DNA.  An 
important  component  of  regulation  of  gene  expression  is  termination  of  tran- 
scription at  specific  sites  in  the  DNA  called  terminators.  Termination  may  be 
enhanced  or  suppressed  by  protein  factors;  work  in  the  current  year  has  pro- 
vided evidence  in  support  of  the  view  that  the  mechanisms  of  termination 
enhancement  and  suppression  are  closely  related.  This  conclusion  stems  from 
work  with  a  protein  encoded  by  the  X-related  phage  HK022,  called  Nun,  which 
promotes  termination  or  antitermination,  depending  on  the  gene  affected.  Nun 
appears  to  act  as  an  antitermination  factor  on  its  own  genome,  HK022;  on  the 
related  phage  X,  the  same  protein  promotes  termination.  In  the  latter  action, 
it  requires  the  same  host  cell  factors  and  sites  that  are  required  for  anti- 
termination  promoted  by  the  X  N  protein.  These  findings  suggest  a  fundamental 
unity  in  the  mechanisms  of  termination  and  antitermination. 

A  major  interest  of  this  research  group  has  been  the  mechanism  of  recombina- 
tion, specifically  during  integration  and  excision  of  phage  X  from  the  bacte- 
rial chromosome.  Site-specific  recombination  promoted  by  the  int  protein 
occurs  at  attachment  sites  that  contain  a  central  core  of  seven  homologous 
nucleotides.  Mismatched  attachment  sites  do  not  recombine  efficiently.  Recent 
work  suggests  that  even  mismatched  sites  form  the  recombinational  intermediate 
called  a  Holiday  structure,  but  that  they  are  resolved  only  to  parental  rather 
than  recombinant  molecules.  In  the  interaction  between  homologous  sites, 
branch  migration  across  the  region  of  homology  allows  resolution  towards  the 
recombinant  at  high  frequency;  facilitation  of  branch  migration  may  be  the  key 
function  of  the  homologous  core  region  of  attachment  sites. 

Molecular  Aspects  of  Replication  of  Enveloped  Animal  RNA  Viruses 

Judith  Levin's  group  is  concerned  with  the  mechanism  of  replication  of 
enveloped  RNA  viruses,  specifically  murine  leukemia  viruses  (MuLV).  Studies  on 
the  RNA  tumor  viruses  are  of  particular  interest  since  these  viruses  establish 
a  chronic  infection  in  the  host  cell  by  integrating  viral  genetic  information 
into  the  host  chromosome,  often  disrupting  normal  gene  function.  A  detailed 
understanding  of  the  steps  involved  in  viral  replication  may  permit  the  design 


-14- 


of  agents  which  would  limit  the  oncogenic  potential  of  these  viruses.  Moreo- 
ver, evidence  is  accumulating  that  a  number  of  eukaryotic  genetic  elements  have 
been  created  by  transfer  of  information  from  RNA  to  DNA  during  the  development 
of  the  eukaryotic  genome. 

Current  interest  in  this  program  is  focused  on  the  process  of  reverse  trans- 
cription in  an  effort  to  correlate  genetic  structure  with  enzymatic  function. 
Portions  of  the  pol  gene  have  been  expressed  in  E.  coli  and  the  products  were 
used  to  generate  antibodies  specific  for  polymerase  and  endonuclease.  These 
reagents  have  proved  valuable  in  dissecting  the  relationships  between  these 
gene  products.  Recently,  studies  with  an  antiserum  directed  against  endo- 
nuclease alone  have  led  to  the  observation  that  the  viral  reverse  transcriptase 
and  endonuclease  can  be  associated  as  a  complex  involving  both  non-covalent  and 
disulfide  bonds.  The  exact  nature  of  this  association  within  the  virion  is 
under  investigation.  The  sera  are  also  being  used  to  define  the  defect  in  a 
viral  mutant  with  an  in-frame  deletion  in  the  endonuclease  coding  region.  In 
addition,  a  clone  expressing  only  reverse  transcriptase  sequences  has  been  used 
to  make  a  monospecific  anti-polymerase  serum  and  to  provide  a  source  of  highly 
active  enzyme.  Large  scale  preparations  of  bacterial  extracts  of  this  clone 
have  now  been  extensively  purified  by  standard  biochemical  procedures,  and 
characterization  of  the  purified  bacterially  expressed  reverse  transcriptase  is 
in  progress. 
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Laboratory  of  Developmental  Pharmacology — 
Daniel  W.  Nebert,  M.D.,  Chief 

This  Laboratory  studies  the  molecular  mechanisms  of  expression  of  genes  that 
encode  drug-metabolizing  enzymes.  The  clinical  discipline  devoted  to  the  study 
of  genetic  differences  in,  drug  metabolism  has  been  termed  pharmacogenetics . 
Endogenous  (constitutive)  enzymes  that  metabolize  drugs,  as  well  as  steroids, 
fatty  acids,  prostaglandins,  leukotrienes,  pheromones,  thyroxine  and  biogenic 
amines,  also  metabolize  the  innumerable  foreign  compounds  to  which  we  are  ex- 
posed. Hundreds  of  drugs  and  other  chemicals  are  known  to  bind  to  cellular- 
receptors,  and  then  to  induce  their  own  metabolism  and/or  to  influence  the 
metabolic  fate  of  structurally-related  compounds.  In  addition,  steroids, 
prostaglandins,  and  small  peptide  hormones  have  been  found  to  induce  some  of 
these  enzymatic  activities.  The  mechanisms  surrounding  the  induction  of  the 
drug-metabolizing  enzymes  and  the  expression  of  these  genes  are  of  central 
importance  not  only  to  the  investigation  of  carcinogenesis,  mutagenesis,  drug 
toxicity  and  teratogenesis,  but  to  developmental  and  molecular  biology  in  gen- 
eral . 

The  section  led  by  D.  Nebert  is  investigating  the  regulation  and  expression  of 
genes  encoding  "Phase  I"  drug-metabolizing  enzymes,  most  of  which  are  P450 
proteins,  and  certain  "Phase  II"  drug-metabolizing  enzymes.  (Phase  I  generally 
refers  to  oxygenation  or  other  initial  metabolism,  and  Phase  II  to  conjugation 
or  other  detoxification  routes.)  The  PM50  gene  superfamily  is  presently  known 
to  comprise  at  least  eight  gene  families,  and  a  protein  encoded  by  any  one  of 
these  eight  families  is  no  more  than  36%  similar  to  a  protein  encoded  by  any  of 
the  other  seven  families. 

Genes  of  the  P450-I  family  are  inducible  by  combustion  products  such  as 
benzpyrene  and  tetrachlorodibenzo-p-dioxin  (TCDD,  "dioxin").  The  Pi»50-II  gene 
family  is  the  largest  one,  with  at  least  five  subfamilies  (each  about  50%  simi- 
lar to  one  another)  that  diverged  from  one  another  about  300-600  million  years 
ago.  Genes  in  the  II-B  and  II-E  subfamilies  are  phenobarbital-  and  ethanol- 
inducible,  respectively;  genes  in  the  II-A,  II-C  and  II-D  subfamilies  are  ex- 
pressed constitutively .  Genes  in  the  P450-III  and  P450-IV  families  are  ster- 
oid- and  clof ibrate-inducible,  respectively.  Genes  in  the  families  XI  and  XII 
encode  mitochondrial  proteins  that  are  responsible  for  steroid  1 1 6-hydroxyl- 
ation  and  cholesterol  side-chain  cleavage,  respectively.  Genes  in  families 
XVII  and  XXI  encode  enzymes  for  steroid  17  a-hydroxylation  and  21-hydroxyl- 
ation,  respectively. 

This  section  is  currently  studying  the  expression  of  the  [Ah]  gene  battery,  a 
group  of  five  or  more  genes  that  are  (i)  under  aromatic  hydrocarbon  (Ah) 
receptor  regulation  and  (ii)  sometimes  activated  during  embryogenesis  (differ- 
entiation) and  tumorigenesis  (dediff erentiation) .  These  genes,  which  encode 
P1450  and  Po^50  (i.e.,  the  two  members  of  the  P450-I  gene  family), 
NAD(P)H:menadione  oxidoreductase  (NMOF^),  glutathione  transferase  (GT1 )  and  UDP 
glucuronosyltransf erase  (UDPGT1  ) ,  have  all  been  cloned  and  are  now  being  char- 
acterized. There  are  striking  differences  in  transcriptional  regulatory  mecha- 
nisms for  activation  of  the  P^50  and  P3^50  genes,  as  well  as  marked 
developmental  and  tissue-specific  differences  in  gene  expression.  Upstream 
P-j  H50  regulatory  sequences  include  (i)  the  TATA  box,  (ii)  a  TCDD-responsive 
element  (about  1000  bp  upstream  from  the  mRNA  cap  site)  that  spans  more  than 
200  bp  and  includes  one  or  more  enhancers  of  constitutive  gene  expression,  and 
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(iii)  a  negative  control  element  (between  400  and  .800  bp  upstream  from  the  cap 
site)  that  participates  in  (iv)  a  negative  autoregulatory  loop.  It  appears 
that  a  repressor  of  constitutive  P-|450  gene  transcription  requires  activation 
by  a  P-t  450-mediated  metabolite,  and  that  this  repressor  regulates  constitutive 
transcription  of  the  NMOR-j  ,  GT-|  and  UDPGT-|  genes  as  well.  Genes  for  the  Ah 
receptor  as  well  as  the  putative  repressor  are  also  being  cloned  and  character- 
ized. 

Projects  in  this  section  are  devoted  to:  (1)  fundamental  molecular  biology  and 
genetics,  (2)studies  on  the  evolution  of  the  P450  genes  and  their  regulatory 
regions,  including  utilization  of  the  methods  of  chromosomal  walking  and  map- 
ping, and  (3)  applications  of  potential  clinical  importance.  Experimental 
systems  include  the  use  of  inbred  mouse  strains,  transgenic  mice,  recombinant 
DNA  technology,  and  somatic  cell  genetics.  As  an  example  of  an  application 
with  potential  clinical  significance,  the  human  P-|450  and  Po450  genes  and  their 
flanking  regions  have  been  cloned  and  sequenced,  and  localized  near  the  MP  I 
gene  on  chromosome  15.  Evidence  has  been  presented  to  suggest  that  human  P-|  1450 
and  Pt450  genes,  similar  to  their  orthologues  in  laboratory  animals,  are  impor- 
tant in  the  activation  of  inert  chemical  procarcinogens,  promutagens  and 
proteratogens  to  active  metabolites.  Restriction  fragment  length  polymorphisms 
(RFLPs)  have  been  found,  and  families  with  high  and  low  cancer  incidence  are 
being  studied.  In  the  future  it  should  be  possible  to  correlate  RFLP  patterns 
of  these  genes  with  human  disease.  Such  tests  would  greatly  facilitate  the 
evaluation  of  the  cancer  and  toxicity  risk  in  individuals  exposed  to  specific 
foreign  chemicals.  These  assays  would  aid  the  individual,  employer  and  physi- 
cian in  decisions  regarding  life  style,  cigarette  smoking,  workplace,  and  the 
use  of  prescription  drugs. 

The  section  directed  by  H.  J.  Eisen  compares  the  mechanism  of  action  of  the 
glucocorticoid  receptor  with  that  of  the  Ah  receptor.  Recently,  it  has  been 
appreciated  that  the  glucocorticoid  and  other  steroid  hormone  receptors  com- 
prise a  supergene  family  which  includes  the  erb-A  oncogene.  Since  the  Ah 
receptor  also  binds  hydrophobic  ligands  and  interacts  with  DNA,  it  is  possible 
that  the  Ah  receptor  is  also  a  member  of  this  supergene  family. 

This  group  has  focused  on  the  development  of  immunochemical  and  recombinant  DNA 
probes  for  isolating  and  characterizing  the  Ah  receptor  protein  and  gene.  Like 
steroid  receptors,  the  Ah  receptor  is  present  at  extremely  low  concentrations 
in  cells;  nonetheless,  these  workers  have  attempted  to  produce  polyclonal  anti- 
sera  to  receptor  preparations  which  have  been  purified  by  affinity  chromatogra- 
phy and  HPLC  methods.  Interestingly,  the  Ah  receptor  copurifies  with  a  group 
of  mouse  "heat  shock"  proteins  which  have  the  capacity  also  to  bind  hydrophobic 
ligands  such  as  free  fatty  acids.  Further  studies  of  the  structural  and  func- 
tional relationship  of  the  Ah  receptor  to  these  heat  shock  proteins  are  in 
progress.  Identification  of  the  cDNA  encoding  the  Ah  receptor  will  require 
demonstration  of  the  expressed  functional  gene  product.  Accordingly,  in  col- 
laboration with  the  Section  on  Pharmacogenetics  and  Molecular  Teratology, 
expression  vectors  in  the  yeast  S.cerevisiae  are  being  developed.  It  is  hoped 
that  such  yeast  expression  systems  will  be  useful  for  the  ultimate  characteri- 
zation of  the  Ah  receptor  cDNA. 

In  other  work,  carried  out  in  collaboration  with  Dr.  S.  Simons,  the  affinity- 
labeling  steroid  [^Hldexamethasone  21 -mesylate  has  been  found  to  bind  covalent- 
ly  to  a  single  cysteine  residue  near  the  carboxy  terminus  of  the  glucocorticoid 
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receptor.  These  results  identify  rigorously  for  the  first  time  the  ligand- 
binding  "pocket"  of  a  steroid  hormone  receptor. 

The  unit  led  by  P.  I.  Mackenzie  studies  the  regulation  and  expression  of  sev- 
eral subfamilies  of  the  rat  UDP  glucuronosyltransf erase ' (UDPGT)  gene  family. 
The  function  of  the  "Phase  II"  UDPGT  enzymes  is  to  conjugate  oxygenated  (or 
N-or  S-containing)  metabolites  with  glucuronic  acid,  thereby  rendering  the 
glucuronide  conjugate  extremely  hydrophilic,  and  thus  detoxified  and  readily 
excreted.  It  follows  logically  that  if  a  P450  enzyme  oxygenates  a  hydrophobic 
drug  or  other  chemical  (Phase  I  metabolism),  and  UDPGT  conjugates  the  oxygen- 
ated intermediate  (Phase  II  metabolism),  the  two  gene  systems  might  be  under 
some  sort  of  coordinate  regulation.  Interestingly,  UDPGT  enzymes  are  similar 
to  P450  enzymes  in  that  (i)  some  genes  are  expressed  constitutively  and  (ii) 
others  are  inducible  by  (a)  combustion  products  such  as  benzpyrene  and  TCDD, 
(b)  phenobarbital ,  (c)  steroids  or  (d)  peroxisome  prolif erators  such  as  clo- 
f ibrate. 

The  isolation  and  sequencing  of  seven  cDNA  clones  has  demonstrated  the  exis- 
tence of  at  least  four  different  forms  of  transferase  belonging  to  two  gene 
subfamilies.  One  clone,  pUDPGTp-2,  encodes  a  phenobarbital-inducible  form  of 
transferase  which  glucuronidates  4-methylumbellif erone  and  the  17~0H  position 
of  testosterone  and  dihydrotestosterone;  this  was  demonstrated  by  transfection 
of  an  expression  vector  containing  the  rat  cDNA  into  monkey  kidney  fibroblast 
(COS)  cells.  This  technique  also  demonstrated  that  a  second  clone,  pUDPGTr-4, 
the  mRNA  of  which  is  not  induced  by  phenobarbital  or  3~niethylcholanthrene, 
encodes  a  form  of  transferase  that  glucuronidates  the  3~0H  position  of 
androsterone  and  etiocholanolone.  The  substrate  specificity  of  other  trans- 
ferase forms  is  currently  under  investigation.  Sequence  studies  have  also 
shown  that  the  transferases  encoded  by  the  three  cDNAs  contain  signal  peptide 
and  membrane-anchoring  regions  and  potential  asparagine-linked  glycosylation 
sites.  In  vitro  translation  studies  indicate  that  the  signal  sequence  is 
cleaved  during  insertion  into  the  endoplasmic  reticulum,  and  glycosylation 
occurs  subsequently.  Genomic  clones  xorresponding  to  UDPGTp-4  have  been  iso- 
lated and  are  being  sequenced.  Genomic  and  cDNA  clones  will  be  utilized  to 
study  the  regulation  of  each  form  as  a  function  of  age,  tissue  distribution  and 
administration  of  prototypic  inducers. 

The  section  led  by  I.  S.  Owens  examines  the  UDP  glucuronosyltransf erase  gene 
family  in  the  mouse  and  human.  One  cDNA  clone  has  been  isolated  by  screening  a 
mouse  cDNA-containing  Agt11  expression  library  with  P.  Mackenzie's  rat  cDNA 
clone,  UDPGT  -2.  By  sequence  analysis,  this  clone,  UDPGTm-1,  encodes  the  com- 
plete protein  sequence  (530  amino  acids)  of  a  mouse  cDNA  that  is  highly  homo- 
logous to  UDPGTp-2  and  hybridizes  with  two  phenobarbital-inducible  mRNAs  (2.0 
and  2.2  kb)  that  are  the  result  of  alternative  polyadenylation  splicing  sites. 
Both  of  these  mRNAs  are  also  induced  by  clofibrate  (as  is  bilirubin  UDP 
glucuronosyltransf erase) .  UDPGTm-1  was  used  to  screen  a  human  cDNA  library;  a 
human  cDNA  clone  (UDPGTM-1),  which  hybridizes  to  an  mRNA  of  2.5  kb,  was  iso- 
lated and  is  being  sequenced.  From  a  3-methylcholanthrene-induced  mouse  cDNA- 
containing  Xgt11  expression  library,  an  antibody  to  3~niethylcholanthrene-in- 
duced  UDPGT  was  used  to  isolate  UDPGTm-2.  This  mouse  cDNA  insert  is  2.4  kb  in 
size  and  appears  to  be  regulated  by  the  Ah  receptor. 
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Because  of  the  clinical  importance  of  diseases  of  defective  bilirubin  conjuga- 
tion, UDPGT^-1  may  prove  to  be  a  valuable  probe  in  subsequent  studies  on  ge- 
netic screening  and  diagnosis.  If  UDPGTm-2  is  a  member  of  the  [Ah]  gene 
battery,  this  gene  may  be  of  importance  in  fundamental  molecular  biologic  stud- 
ies of  gene  expression,  as  well  as  the  detoxification  of  chemical  carcinogens, 
mutagens  and  teratogens. 
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Laboratory  of  Neurochemistry  and  Neurolmmunology — 
Harold  Gainer,  Ph.D.,  Chief 

This  Laboratory  is  concerned  with  the  development,  functional  organization  and 
interactions  between  three  major  integrative  systems  in  the  body  -  the  central 
nervous  system,  the  endocrine  system,  and  the  immune  system.  The  approach  of 
the  Laboratory  is  cell  biological  in  nature,  and  hence  utilizes  a  wide  variety 
of  techniques  and  concepts  from  a  number  of  disciplines,  e.g.,  physiology, 
biochemistry,  morphology,  immunology,  and  molecular  biology.  In  particular, 
these  investigators  study  the  various  secretory  peptides,  intracellular  mem- 
brane systems,  and  cytoskeletal  proteins  which  are  found  in  these  organ  systems 
and  which  are  essential  to  their  functions  (i.e.,  peptide  biosynthesis  and 
regulation,  neuronal  morphology  and  function,  etc.).  A  special  emphasis  is 
placed  on  the  study  of  the  cellular  development  of  these  organ  systems. 

The  Section  on  Functional  Neurochemistry,  led  by  H.  Gainer,  focuses  on  the 
large  number  of  neuropeptides  which  have  been  identified  as  chemical  trans- 
mitters of  information  in  the  nervous  system.  These  known  peptides  (and  pre- 
sumably those  still  to  be  discovered)  act  as  conventional  neurotransmitters  in 
a  synaptic,  paracrine,  or  autocrine  fashion,  as  well  as  in  neuroendocrine  sys- 
tems. In  addition  to  the  well-known  hypophysiotrophic  regulatory  peptide 
hormones  (e.g.,  CRF,  LHRH,  and  TRH)  ,  neuropeptides  are  involved  in  a  wide 
variety  of  other  CNS  functions  (e.g.,  pain,  blood  pressure  control, and  memory). 
This  Section's  goal  is  to  study  the  cell  biology  of  peptidergic  neurons  in  the 
context  of  their  regulatory  functions  in  the  nervous  system.  In  particular , the 
lab  specifically  studies  the  expression  of  neuropeptides  during  CNS  development 
and  their  impact  on  the  development  of  organismic  functions  and  morphology. 

The  studies  of  this  group  have  been  focused  on  two  specific  peptidergic  systems 
in  the  hypothalamus,  the  oxytocinergic  and  vasopressinergic  neuronal  systems, 
and  the  LHRH  neuronal  system.  The  choice  was  made  to  concentrate  on  these 
systems  because  the  neurons  that  constitute  them  represent  excellent  models  of 
peptidergic  neurons  in  the  nervous  system.  The  hypothalamo-neurohypophysial 
system  is  studied  because  the  neurons  that  constitute  it  (i.e.,  the  oxytocin 
and  vasopressin  magnocellular  neurons)  are  prototypic  of  peptidergic  neurons  in 
the  central  nervous  system.  These  neurons  populate  two  defined  topographic 
sites  in  the  brain  (the  paraventricular  and  supraoptic  nuclei),  and  have  a 
specific  axonal  pathway  and  termination  site,  all  of  which  are  accessible  to 
experimental  manipulation  JLn  vivo  by  stereotaxic,  morphological,  and  biochemi- 
cal-pharmacological techniques.  Access  to  all  three  of  the  critical  neuronal 
structures,  i.e.,  the  cell  body,  the  axon,  and  the  terminal — in  the  hypothala- 
mus, median  eminence,  and  posterior  pituitary,  respectively — permits  a  cell 
biological  analysis  of  this  system.  The  cell  bodies  in  the  hypothalamus  are 
responsible  for  the  biosynthesis  of  the  vasopressin  (AVP)  and  oxytocin  (OT) 
prohormones  and  peptides.  In  addition  to  examining  these  neurons  in  the  mammal 
(rat  and  mouse),  these  investigators  extended  these  studies  to  the  neurons  that 
synthesize  the  evolutionarily  related  vasotocin  (AVT)  and  mesotocin  (MT)  pep- 
tides in  the  frog  (Xenopus  laevis) .  A  second  peptidergic  system  under  study  in 
the  laboratory  is  the  LHRH  system  in  the  rat.  The  LHRH  neurons  found  in  the 
hypothalamus  project  principally  to  the  median  eminence.  The  secretion  of  LHRH 
into  the  portal  blood  system  regulates  the  development  and  function  of  the  re- 
productive system.  In  addition  to  being  the  objects  of  cell  biological  stud- 
ies, the  embryonic  development  of  these  two  neuronal  systems  is  also  currently 
under  intensive  study.   A  third  peptidergic  neuronal  system  found  in  the  hypo- 
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thalamus  is  under  study  as  well,  i.e.,  the  corticotropin  releasing  factor  (CRF) 
system.  This  system  projects  to  the  external  zone  of  the  median  eminence, 
where  the  secretion  of  CRF  into  the  portal  system  causes  the  release  of  ACTH 
from  corticotropes  in  the  anterior  pituitary.  The  section  is  particularly 
focusing  on  the  co-existence  of  AVP  in  the  CRF  neurons,  and  the  modulation  of 
AVP  biosynthesis  and  release  during  adrenalectomy  and  stress. 

In  addition  to  the  above  studies  on  peptidergic  neurons,  the  Section  has  em- 
barked on  an  analysis  of  macromolecular  involvement  in  neuronal  structure  and 
recognition.  Three  model  systems  are  being  used  for  this  purpose;  the  Xenopus 
developing  nervous  system,  the  squid  giant  axon,  and  the  mouse  hypothalamo- 
neurohypophysial  system.  Each  of  these  systems  makes  a  unique  contribution  to 
the  study  of  neuronal  structure  and  development  (see  below).  The  progress  in 
each  of  the  above  projects  will  be  described  below  in  relation  to  the  individu- 
als who  are  the  principal  experimenters.  The  ability  to  make  monoclonal  anti- 
bodies (Mabs)  against  small  quantities  of  antigens  continues  to  be  an  important 
aim  of  the  laboratory.  S.  House,  a  technician  in  the  laboratory,  has  been 
studying  how  to  optimize  in  vitro  immunization  protocols  for  this  purpose.  She 
has  done  extensive  analyses  of  the  efficacy  of  a  variety  of  conditioning  media 
(i.e.,  from  mouse  thymus,  cow  thymus,  and  EL-4  cells)  to  promote  effective  in 
vitro  immunization.  At  present  she  is  employing  these  techniques,  in  collabo- 
ration with  the  Unit  on  Neurosecretory  Systems,  to  produce  Mabs  against  calcium 
binding  proteins  (e.g.,  calsequestrin) .  Preliminary  indications  are  that  more 
than  21  producing  clones  are  being  harvested  by  these  procedures.  S.  Key, 
another  technician  in  the  Section,  is  developing  methods  to  use  these  Mabs  and 
antisera  in  immunocytochemical  procedures  at  the  light  and  electron  microscopic 
levels.  These  procedures,  which  include  pre-  and  post-embedding  staining, 
silver  intensification,  staining  of  cultured  tissue,  whole  mounts,  vibratome 
sections,  etc.,  are  ultimately  used  by  all  members  of  the  Section  in  their 
research.  At  present,  Ms.  Key  has  successfully  mastered  these  techniques  and 
is  educating  various  members  in  the  laboratory  on  their  use. 

Progress  in  the  analysis  of  the  peptidergic  neuronal  system  can  be  described  as 
follows:  M.  H.  Whitnall  has  extensively  studied  the  response  of  the  CRF  system 
to  adrenalectomy.  He  has  demonstrated  that:  1)  the  CRF  neurons  are  composed 
(in  normal  rats)  of  two  populations,  one  which  contains  AVP  in  co-existence 
with  CRF  in  its  secretory  vesicles  (50%)  and  one  which  only  contains  CRF  (50$); 
2)  This  co-existence  phenomenon  has  been  demonstrated  by  using  three  antibodies 
against  the  three  components  of  the  AVP  prohormone  (AVP,  NP-VP,  and  the  glyco- 
peptide),  with  the  findings  raising  the  ultrastructural  analysis  of  co-exis- 
tence to  a  new  level  of  comprehensiveness;  3)  He  has  shown  that  following 
adrenalectomy  there  is  only  one  population,  i.e.,  the  co-existent  one,  thereby 
demonstrating  a  neuronal  plasticity  relative  to  function  in  this  system.  These 
studies  were  done  by  serial  section  immunocytochemistry  and  quantitative  analy- 
sis. M.  Altstein  has  studied  the  development  of  the  AVP  and  OT  neuronal  system 
by  quantitative  RIA  methods,  and  has  shown  that  AVP  precedes  OT  expression  by  6 
days  in  embryonic  development,  and  that  OT  expression  is  a  post-natal  phenome- 
non. In  addition,  she  has  evaluated  the  cause  of  this  differential  development 
and  found  that  both  AVP  and  OT  prohormones  are  expressed  concurrently  but  that 
the  OT  processing  is  delayed.  Altstein  has  also  discovered  that  _in  vivo,  the 
first  processing  endopeptidase  cleaves  on  the  carboxyl-side  of  the  Arg  in  the 
Lys-Arg  signal  within  the  OT-prohormone.  K.  Conway  has  analyzed  the  distribu- 
tion of  4000  AVP  and  MT  neurons  in  the  adult  Xenopus  brain,  and  has  analyzed 
the  crossreactivities  of  mammalian  NP  Mabs  in  these  neurons.  He  has  discovered 
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a  fascinating  epitope  switch  in  the  frog  NP  versus  the  rat  NP,  which  could  be 
explained  by  a  switch  in  exon  C  in  the  mammalian  versus  the  frog  gene.  Pursuit 
of  his  main  objective,  to  examine  the  lineages  of  the  AVT  and  MT  neurons  in 
Xenopus,  is  now  in  progress.  S.  Wray  has  examined  LHRH  neuron  development  in 
the  rat  from  the  neonate  (2  days  pn)  to  adulthood.  Her  observations  are  that 
smooth  LHRH  cells  are  transformed  to  irregular  LHRH  cells  during  puberty,  and 
that  this  occurs  independently  of  gonadal  steroid  feedback.  Current  efforts 
are  being  directed  at  determining  whether  specific  synaptic  inputs  to  the  LHRH 
cells  are  modified  during  this  dramatic  morphological  change.  This  involves 
the  use  of  double-label  E.M.  immunocytochemistry .  In  addition,  Wray  has  devel- 
oped an  _in  vitro  organotypic  culture  of  the  LHRH  system,  and  has  succeeded  in 
growing  substantial  numbers  of  LHRH  neurons  for  as  long  as  one  month  _in  vitro. 
Of  even  greater  significance,  she  has  been  able  to  co-culture  brain  stem, 
hypothalamus,  and  pituitary  successfully  so  as  to  allow  a  study  of  these 
three-dimensional  components  in  the  brain  in  a  two-dimensional  space.  She  is 
currently  studying  trophic  relations  in  these  co-cultures. 

Progress  in  the  neuronal  structure  program  is  as  follows:  B.  Szaro  has  com- 
pleted his  analysis  of  Mabs  against  the  Xenopus  neuronal  cytoskeleton,  and  is 
currently  using  these  characterized  Mabs  to  evaluate  the  expression  of  cyto- 
skeleton elements  during  nervous  system  development.  Some  of  these  brain 
specific  Mabs  (e.g.,  MAP- 1 , and  neurofilaments)  are  recognizing  specific  cells 
and  fibers  in  the  nervous  system  as  early  as  stage  33  in  development,  and 
efforts  are  currently  underway  to  move  to  the  neural  plate  stage.  L.  Charnas 
is  currently  screening  a  Xenopus  brain  cDNA  library  with  intermediate  filament 
probes,  and  several  promising  clones  are  under  study.  Both  of  these  approaches 
(molecular  and  immunological)  are  directed  at  understanding  the  development  of 
neuronal  processes  (e.g.,  axons  and  dendrites)  in  Xenopus. 

H.  Gainer's  studies  in  the  squid  giant  axon  system  on  neurofilament  structure 
and  function  continue  to  support  the  hypothesis  that  the  genesis  of  neuro- 
filament structure  is  determined  topographically  in  the  neuron,  i.e.,  bio- 
synthesis and  assembly  in  the  cell  body,  phosphorylation  in  the  axon,  and 
proteolysis  in  the  terminal.  This  topographic  organization  of  regulation  of 
post-translational  modification  is  currently  under  study  with  regard  to  mecha- 
nism. 

A  new  program  on  cellular  recognition  in  the  nervous  system,  using  the  hypo- 
thalamo-neurophysial  system,  has  been  initiated.  Y.  Hara  is  currently  attempt- 
ing to  isolate  the  AVP  and  OT  genes  of  the  mouse  from  a  mouse  genomic  library, 
using  human  AVP  and  OT  gene  probes.  The  aim  of  this  is  to  isolate  the  mouse 
5 '-flanking  (promoter)  sequences,  so  as  to  use  these  promoter  regions  in  the 
transgenic  mouse  model.  Given  AVP  or  OT  promoters  linked  to  other  structural 
genes  (e.g.,  class  I  MHC ,  and  NCAM),  one  can  theoretically  study  the  impact  of 
expression  of  virtually  any  macromolecules  on  AVP  and  OT  neuronal  development. 
Finally,  A.  Nieburgs  is  beginning  a  project  on  the  relationship  of  posterior 
pituitary  astrocytes  (i.e.,  pituicytes,  glia)  on  nerve  terminal  development  in 
the  posterior  pituitary. 

The  research  goal  of  the  Section  on  Cellular  Neurobiology,  led  by  Y.  Peng  Loh, 
is  to  study  brain  and  pituitary  peptides  which  are  involved  in  intercellular 
neurocommunication  and  fetal  development.  The  emphasis  has  been  on  the  ACTH- 
endorphin/  a-MSH  family  of  peptides.  Endorphin  is  an  opiate  peptide  that  is 
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found  in  brain,  pituitary  and  placenta.  a-MSH  is  present  in  brain  and  pitui- 
tary, but  in  humans  it  is  present  in  the  pituitary  only  during  pregnancy  and  in 
the  fetus.  This  peptide  has  been  implicated  to  have  an  effect  on  fetal  growth 
and  development.  ACTH  is  a  pituitary  peptide  which  is  traditionally  known  to 
stimulate  steroidogenesis.  However,  it  is  also  found  in  the  brain.  All  of 
these  peptides  have  been  shown  to  have  central  nervous  system  effects  and  are 
thought  to  act  as  neurotransmitters  and  neuromodulators.  The  major  focus  has 
been  to  continue  to  study  the  enzymology  and  regulation  of  biosynthesis,  pack- 
aging and  secretion  of  this  family  of  peptides.  Within  the  past  year  two  inter- 
related projects  have  been  pursued. 

The  ACTH,  a-MSH  and  endorphin  peptides  are  synthesized  in  the  intermediate  lobe 
of  the  pituitary  from  a  common,  glycoprotein  prohormone  (pro-opiomelanocortin, 
POMC)  of  about  32,000  daltons  in  size.  This  group  has  assayed  for  several 
enzymes  involved  in  the  processing  of  this  prohormone.  These  include  a 
carboxypeptidase  B-like  enzyme,  an  aminopeptidase  B-like  enzyme,  and  a  paired 
basic  residue-specific  prohormone  converting  enzyme  (PCE).  This  latter  enzyme 
has  been  purified  to  apparent  homogeneity  from  secretory  vesicles  of  the  bovine 
pituitary  intermediate  lobe  and  neural  lobe  by  Drs.  Parish,  Tuteja  and  Loh.  PCE 
from  both  lobes  appear  to  have  very  similar  characteristics  and  are  likely  to 
be  the  same  enzyme.  PCE  is  a  glycoprotein,  has  a  molecular  weight  of  -70,000 
daltons,  and  cleaves  several  precursors  (POMC,  pro-vasopressin,  pro-insulin  and 
pro- enkephalin)  at  paired  basic  residues  to  yield  products  seen  in  the  tissues 
that  synthesize  these  prohormones  or  neuropeptide  precursors.  The  enzyme  has  a 
pH  optimum  of  4.0-4.5,  consistent  with  intravesicular  pH.  Recently,  using  a 
simpler  substrate,  B-lipotropin  (fj-LPH)  (the  C-terminal  part  of  POMC),  Loh  et 
al .  determined  the  Km  and  Vmax  of  the  cleavage  of  Lysoy-Lysog  and  Lys^y — ArS58 
of  B-LPH  to  be  1.9  yM  and  4.6  nmol/yg  protein/h,  and  2.5  yM  and  9.1  nmol/pig 
protein/h,  respectively.  Inhibitor  studies  have  shown  that  PCE  is  inhibited  by 
two  aspartyl  protease  inhibitors,  pepstatin  A  and  diazoacetyl-norleucine  methyl 
ester,  but  not  by  thiol  or  serine  protease  inhibitors.  Thus,  PCE  is  the  first 
aspartyl  protease  isolated  in  mammalian  cells  that  has  specificity  towards 
basic  residues.  Further  evidence  that  PCE  is  a  physiologically  significant 
enzyme  in  prohormone  processing  comes  from  recent  studies  showing  that  the 
enzyme  is  secreted  from  dissociated  bovine  intermediate  lobe  cells  together 
with  the  hormone,  a-MSH,  and  that  the  release  of  both  is  inhibited  by  dopamine. 
Finally,  these  workers  have  demonstrated  that  POMC  processing  is  inhibited  by 
peptstatin  A  in  intact  mouse  neurointermediate  lobes.  This  latter  result  shows 
that  PCE  has  fulfilled  the  most  stringent  criteria  for  the  identification  of  a 
physiologically  relevant  prohormone  processing  enzyme,  as  set  forth  by  Docherty 
and  Steiner  (Ann.  Rev.  Physiol.,  1982),  i.e.,  an  inhibitor  of  the  putative 
enzyme  must  interfere  with  the  precursor  processing  in  the  intact  cells.  PCE 
is  the  first  enzyme  demonstrated  to  process  intact  prohormones,  and  is  of 
potential  commercial  value  for  the  production  of  peptide  hormones  and  neuro- 
peptides when  used  for  the  limited  cleavage  of  precursors  synthesized  by  bacte- 
ria which  have  been  transfected  with  a  vector  carrying  the  prohormone  cDNA 
sequence.  Loh  et  al.  haye  also  purified  sufficient  PCE  for  amino  acid  sequence 
analysis  and  their  goal  in  the  coming  year  is  to  clone  the  gene  which  encodes 
the  enzyme . 

N.  Birch  is  making  good  progress  in  the  purification  of  the  amino  peptidase 
B-like  enzyme  from  pituitary  secretory  vesicles.  He  has  shown  that  the  enzyme 
cleaves  an  Arg  at  least  6-fold  faster  than  a  Lys  at  the  N-terminal  of  a  pep- 
tide.  This  result  is  exciting  since  it  can  explain  the  accumulation  of  high 
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levels  of  Lys-Y-MSH  in  the  intermediate  pituitary,  but  no  other  Arg-extended, 
POMC-derived  peptides,  except  when  the  Arg  is  followed  by  a  Pro,  as  in  CLIP.  In 
this  case  the  aminopeptidase  B-like  enzyme  will  not  cleave  the  Arg. 

Progress  has  also  been  made  in  a  study  that  concerns  the  regulation  of  synthe- 
sis of  pro-opiomelanocortin  (POMC)  in  the  toad  intermediate  lobe  (IL).  Using 
organ  cultured  toad  neurointermediate  lobes,  B.  Myers  has  shown  that  dopamine 
effectively  down-regulates  the  biosynthesis  of  POMC.  The  dopamine  receptor  in 
the  toad  intermediate  lobe  was  pharmacologically  characterized  as  being  in  the 
D2  category  and  negatively  coupled  to  adenylate  cyclase.  The  presence  of 
dopamine  in  the  culture  medium  resulted  in  a  decrease  in  intracellular  cAMP  and 
POMC  synthesis  in  the  intermediate  lobe.  This  decrease  in  POMC  synthesis  was 
prevented  by  the  addition  of  8-Bromo-cAMP  to  the  medium.  B.  Myers  has  also 
examined  the  regulation  of  POMC  synthesis  at  the  transcriptional  level  during 
black  and  white  background  adaptation  of  the  frog.  Using  a  48  mer  synthetic 
probe  to  frog  POMC  and  quantitative  _in  situ  hybridization  technology,  she  has 
shown  that  the  POMC  mRNA  level  of  the  IL  is  greatly  increased  during  black 
background  adaptation. 

This  year,  S.  Elkabes  has  initiated  a  study  on  the  regulation  of  POMC  synthesis 
in  the  same  intermediate  and  anterior  pituitaries  of  mice  that  have  been  sub- 
jected to  hyperosmotic  stress  by  supplying  the  animals  with  2%  saline  in  place 
of  drinking  water.  Salt  loading  for  two  days  resulted  in  a  M5%  increase  in 
POMC  mRNA  levels  in  the  anterior  pituitary.  POMC  synthesis  and  processing  was 
also  enhanced  in  this  tissue.  In  contrast,  POMC  mRNA  levels  and  synthesis 
decreased  by  50%  in  the  intermediate  lobe.  Neuroendocrinological  components 
(such  as  CRF  and  vasopressin)  which  may  regulate  these  changes  in  POMC  synthe- 
sis are  currently  being  studied. 

The  Unit  on  Neuronal  Secretory  Systems,  under  J.  Russell,  investigates  the 
nerve  terminal,  a  highly  specialized  region  of  the  neuron  separated  from  the 
neuronal  soma  by  an  axon,  whose  function  is  to  release  neurotransmitter  sub- 
stances when  stimulated  by  an  electrical  signal  carried  by  the  axon.  The  nerve 
terminal  plays  the  central  role  in  the  nervous  system  function  that  operates  by 
signal  transmission  between  cells,  by  means  of  secretion  of  neurotransmitters. 
Modulation  of  the  quantity  of  the  transmitter  released  at  the  terminal  may  form 
the  basis  for  all  central  nervous  system  functions,  including  integration  of 
information,  long  term  information  storage,  and  retrieval.  Because  of  this 
complexity  (cellular  heterogeneity,  and  their  complex  organization),  a  basic 
understanding  of  the  molecular  mechanisms  of  nerve  terminal  function  in  the 
central  nervous  system  is  still  lacking. 

The  program  of  this  lab  is  focused  on  studying  the  biochemistry  and  physiology 
of  the  nerve  terminal  using  the  neurohypophysial  neuroendocrine  cells  as  the 
model  system.  The  hypothalamo-neurohypophysial  system  represents  a  model  of 
central  nervous  system  neurons,  because  of  the  homogeneity  and  discrete  local- 
ization of  these  cells,  which  are  eminently  accessible  for  experimentation.  The 
nerve  terminals  of  these  neurons  are  discretely  localized  in  the  neurohypo- 
physis, where  they  are  accessible  to  experimental  manipulations  both  _in  vivo 
and  _in  vitro.  These  nerve  terminals  can  be  isolated  from  the  neurohypophyses 
without  contamination  by  the  post-synaptic  membrane,  unlike  nerve  terminals 
from  other  regions  in  the  central  nervous  system. 
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Studies  on  the  elucidation  of  the  functional  organization  of  the  nerve  terminal 
form  the  central  theme  of  the  Unit  on  Neuronal  Secretory  Systems.  A  prepara- 
tion of  neurosecretosomes  (nerve  endings  from  the  neurosecretory  neurons)  has 
been  obtained.  This  preparation  is  highly  enriched  in  nerve  terminals  and 
forms  the  basic  experimental  model.  Four  different  aspects  of  nerve  terminal 
function  are  under  investigation.  First,  the  mechanisms  of  Ca2+  ion  homeo- 
stasis in  the  nerve  terminal  are  being  investigated  both  from  the  membrane 
transport  standpoint  and  from  the  standpoint  of  binding  to  an  intraterminal 
Ca2+  binding  protein.  Secondly,  the  mechanism  of  secretory  regulation  at  the 
nerve  terminals  is  being  studied  with  a  view  to  understanding  the  molecular 
mechanisms  of  facilitation,  and  to  characterize  the  physiological  role  of  other 
peptide  receptors  on  the  nerve  terminals  in  the  regulation  of  secretion. 
Thirdly,  studies  on  the  transport  processes  in  neurosecretory  vesicles  con- 
tinue. Experiments  are  underway  to  identify  conclusively  the  proton  pumping 
Mg2+  ATPase  on  neurosecretory  vesicles  and  to  compare  its  properties  with  the 
mitochrondrial  proton  translocator.  The  neurosecretory  vesicles  are  also 
studied  to  elucidate  the  presence  of  ionic  channels  intrinsic  to  this  membrane. 
This  study  is  carried  out  in  collaboration  with  G.  Ehrenstein  and  S.  Elis  of 
the  Laboratory  of  Biophysics,  NINCDS.  Finally,  in  collaboration  with  I. 
Forsythe  of  the  Laboratory  of  Developmental  Neurobiology,  experiments  are 
underway  to  characterize  membrane  ionic  channels  on  the  nerve  terminals  using 
patch  clamp  techniques. 

C.  Bondy  is  involved  in  studies  on  elucidating  the  cellular  mechanisms  involved 
in  frequency-dependent  facilitation  of  vasopressin  secretion  from  isolated 
neurohypophyses.  Preliminary  experiments  suggest  that  K+  channels  are  impor- 
tant in  the  facilitation  of  secretion.  Dr.  Bondy  also  has  developed  an  im- 
mobilized neurosecretosome  model  to  study  the  kinetics  of  secretion  from  nerve 
terminals  in  response  to  depolarizing  stimuli. 

J.  Garbern  has  undertaken  on  studies  of  Ca2+-binding  proteins  present  in  nerve 
terminals.  He  has  detected  two  high  affinity  Ca2+-binding  proteins  which  are 
unique  to  nerve  terminals,  and  is  in  the  process  of  purifying  them  for  charac- 
terization. 

Laboratory  of  Neurochemistry  and  Neuroimmunology 

Chief,    *Harold  Gainer,    Ph.D. 
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*Y.  Peng  Loh,  Ph.D. 
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Carolyn  A.  Bondy,  M.D. 
Kevin  Conway,  Ph.D. 
James  Y.  Garbern,  M.D. 
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Laboratory  of  Comparative  Ethology — 
Stephen  J.  Suomi ,  Ph.D.,  Chief 

The  Laboratory  of  Comparative  Ethology  (LCE)  carries  out  a  broad  program  of 
research  directed  toward  the  study  of  behavioral  development  in  humans  and  in 
nonhuman  primates.  The  influence  on  developmental  processes  of  both  genetic 
and  environmental  factors,  and  their  interactions,  is  explored  in  a  comparative 
mammalian  approach  to  determine  the  origins  and  evolution  of  various  behavioral 
phenotypes.  Longitudinal  designs  are  employed  in  most  developmental  studies 
within  the  Laboratory,  in  order  to  address  issues  of  ontogenic  continuity 
versus  change,  and  both  behavioral  and  physiological  measures — reflecting 
multiple  levels  of  analysis — are  collected  concomitantly.  A  major  emphasis  is 
placed  on  characterizing  and  understanding  normative  patterns  of  biobehavioral 
development  so  that  deviant  patterns  can  then  be  readily  recognized  and  their 
consequences  evaluated  with  respect  to  established  norms.  Experimental  results 
in  nonhuman  primates  are  correlated  with  the  results  of  longitudinal  studies  of 
human  infants  and  their  families,  as  well  as  results  obtained  by  various  neuro- 
science  techniques. 

Comparative  Behavioral  Genetics:  Primate  and  Human 

These  studies,  led  by  Stephen  Suomi,  are  concerned  with  various  processes 
underlying  biological  and  behavioral  development  in  rhesus  monkeys,  and  focus 
on  interactions  between  genetic  and  environmental  factors  that  affect  the 
course  of  an  individual's  ontogeny.  Parallel  patterns  are  examined  in  humans. 
Two  major  longitudinal  studies  investigating  the  interaction  of  genetic  and 
environmental  factors  in  shaping  individual  rhesus  monkey  development  were 
completed  this  year.  In  the  first  study,  rhesus  monkey  infants  selectively 
bred  to  be  highly  responsive  to  mild  environmental  challenges  ("uptight"),  were 
cross-fostered  by  multiparous  females  who  differed  with  respect  to  their  own 
reactivity  to  challenge  and  in  their  characteristic  maternal  "style"  (nurturant 
versus  punitive)  as  displayed  toward  previous  offspring.  The  highly  reactive 
infants  were  compared  with  control  infants  ("laid-back")  cross-fostered  by 
multiparous  females  with  either  of  the  two  "styles"  and  levels  of  reactivity. 
Neonatal  tests  of  reflex  development,  orienting  capability,  and  temperament 
administered  to  these  subjects  during  their  first  month  of  life  revealed  that 
the  infants  with  high  reactive  pedigrees  showed  poorer  orienting  responses, 
were  less  mature  with  regard  to  motor  activity,  and  displayed  greater  behav- 
ioral inhibition  than  did  control  infants.  Differences  in  these  one-month 
scores  could  not  be  attributed  to  either  the  level  of  reactivity  or  the  charac- 
teristic maternal  style  of  the  foster  mothers.  The  infants  remained  with  their 
foster  mothers  throughout  the  first  6  months  of  life,  and  during  this  time 
there  were  no  major  differences  between  high  reactive  and  control  infants  on 
standard  measures  of  behavioral  development.  Small  individual  differences  among 
infants  during  this  period  were  best  predicted  by  the  maternal  style  of  their 
foster  mothers,  in  that  infants  of  punitive  foster  mothers  displayed  higher 
levels  of  self-directed  behavior  than  did  infants  with  nurturant  foster  moth- 
ers; these  differences  beccame  greater  as  the  infants  passed  through  the 
period  of  weaning.  When  the  subjects  were  6  months  old,  they  were  briefly 
separated  from  their  foster  mothers.  During  the  period  of  separation,  dramatic 
differences  in  response  emerged  between  subjects  of  high  reactive  pedigree  and 
their  controls,  independent  of  foster  mother  reactivity  or  maternal  style:  High 
reactive  monkeys  displayed  higher  levels  of  self-directed  behavior,  less 
locomotion  and  exploration  (coping),  greater  passivity,  and  higher  increases 
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(over  preseparation  levels)  of  plasma  Cortisol.  When  the  subjects,  now 
juveniles,  were  reunited  with  their  foster  mothers,  major  differences  between 
high  reactive  subjects  and  controls  again  disappeared.  During  reunion  periods 
the  best  predictor  of  small  differences  between  subjects  was  the  relative 
reactivity  of  the  foster  mothers,  in  that  juveniles  with  "uptight"  foster 
mothers  displayed  higher  levels  of  disturbance  behavior  than  did  those  with 
"laid-back"  foster  mothers.  These  differences  emerged  independent  of  the 
juveniles'  reactivity.  Subjects  were  permanently  moved  into  groups  containing 
agemates  at  8  months  of  age  and  have  remained  in  these  peer  groups  to  the 
present.  Within  these  now  stable  groups,  the  high  reactive  juveniles  were 
initially  more  aggressive  than  were  controls,  and  they  continued  to  show  higher 
levels  of  clinging  social  contact  than  controls  during  the  next  6  months.  Those 
high  reacting  subjects  who  had  been  reared  by  nurturant  foster  mothers  rose  to 
the  top  of  the  group's  dominance  hierarchy.  These  monkeys  will  continue  to  be 
studied  at  least  to  early  adulthood,  but  the  findings  to  date  clearly  indicate 
that  individual  differences  displayed  during  early  development  are  the  product 
of  both  genetic  and  environmental  factors,  and  that  to  the  degree  that  these 
factors  can  be  specified, a  rather  precise  prediction  of  developmental  outcomes 
in  various  settings  is  possible. 

Genetic-environmental  interactions  were  further  investigated  in  a  second  longi- 
tudinal study  comparing  nursery-reared  versus  mother-reared  rhesus  monkeys  with 
respect  to  neonatal  reflexes,  orienting,  and  temperament  assessments,  as  well 
as  performance  on  tests  of  cognitive  capabilities  as  juveniles.  Surprisingly, 
the  profiles  of  neonatal  scores  associated  with  optimal  performance  on  the 
later  cognitive  tests  were  dramatically  different  for  the  mother-reared  and 
nursery-reared  subjects,  in  that  mother-reared  juveniles  who  as  neonates  had 
"easy"  temperaments  had  the  best  performance  within  their  rearing  group  on  the 
cognitive  tests,  whereas  those  nursery-reared  subjects  who  were  "fussy" and 
highly  aroused  when  assessed  as  neonates  had  the  best  8-month  performances 
within  their  rearing  group.  Thus,  the  same  top  scores  on  the  cognitive  test 
battery  were  achieved  by  individuals  with  very  different  neonatal  temperaments 
when  they  grew  up  in  very  different  rearing  circumstances. 

During  the  past  year,  a  number  of  new  assays  were  incorporated  into  ongoing 
longitudinal  studies  of  rhesus  monkeys  differing  in  their  behavioral  pheno- 
types.  A  means  for  recording  heartrate  and  monitoring  vagal  tone  (a  measure  of 
sympathetic/parasympathetic  balance)  in  free-ranging  monkeys,  using  a  mini- 
aturized telemetry  system,  was  implemented  in  a  study  comparing  the  responses 
of  juvenile  rhesus  monkeys  genetically  differing  in  reactivity.  Subjects  were 
placed  with  an  unfamiliar  agemate  in  a  laboratory  playroom  filled  with  toys  for 
a  1-hour  period,  a  paradigm  adapted  from  research  on  human  preschool  children 
with  different  temperaments.  In  this  situation,  it  was  found  that  high 
reactive  juveniles  had  higher  heartrates  upon  entry  into  the  playroom,  and 
showed  less  decline  in  heartrate  over  the  1-hour  session  than  did  control 
subjects.   The  vagal  tone  measures  are  currently  being  analyzed. 

Data  from  a  study  of  the  behavioral  and  physiological  effects  of  imipramine 
treatment  of  adolescent  rhesus  monkeys  under  conditions  of  group  versus  indi- 
vidual housing  were  subjected  to  additional  analyses  in  the  past  year.  Nota- 
bly, analysis  of  blood  levels  of  imipramine  and  its  metabolites  revealed  marked 
differences  in  imipramine  turnover  when  subjects  were  housed  together  in  famil- 
iar social  groups,  or  individually  housed  for  4-day  periods.   In  particular, 
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blood  levels  of  imipramine  were  much  lower,  and  levels  of  the  metabolites  much 
higher,  when  subjects  were  individually  housed.  These  findings  suggest  differ- 
ent pathways  for  metabolizing  imipramine  under  conditions  of  environmental 
challenge.  A  second  study,  involving  acute  rather  than  chronic  administration 
of  imipramine,  has  been  completed  and  the  data  are  currently  under  analysis. 

An  ongoing  study  of  behavioral  development  and  social  organization  was  contin- 
ued in  a  group  of  13  year-old  free-ranging  rhesus  monkeys  who,  despite  being 
reared  without  mothers  and  with  only  minimal  peer  contact,  have  displayed 
species-normative  behavioral  repertoires  (as  have  2  generations  of  progeny). 
The  data  continue  to  verify  the  species-normative  behavioral  patterns  in  the 
adults  and  ontogenic  changes  in  the  infants,  the  characteristic  social  organi- 
zation of  the  troop  along  matriarchal  lines,  the  species-appropriate  changes  in 
social  rank  among  troop  members  (most  notably  the  drop  in  dominance  and  even- 
tual peripheralization  of  adolescent  males),  and  the  successful  maternal  care 
displayed  by  second-generation  females. 

Finally,  two  major  research  projects  involving  developmental  study  of  human 
infants  were  initiated.  A  pilot  study  of  individual  differences  in  behavioral 
and  physiological  responsiveness  to  mild  environmental  challenge  was  conducted 
in  collaboration  with  Drs.  K.  Grossmann  (University  of  Regensburg,  West  Ger- 
many) and  Dr.  S.  Porges  (University  of  Maryland).  Ten-month-old  infants  were 
brought  into  an  examining  room  by  their  mothers  and  after  producing  a  saliva 
sample  (to  be  assayed  for  Cortisol)  and  being  fitted  with  a  nonobtrusive 
telemetry  system  for  recording  heartrate  and  vagal  tone,  the  infants  were  put 
through  a  standard  pediatric  examination,  after  which  a  second  saliva  sample 
was  obtained.  Two  months  later  each  infant  returned  to  the  laboratory  with  his 
or  her  mother  and  after  producing  a  saliva  sample  and  being  fitted  with  the 
heartrate  telemetry  system  again,  the  infant  was  put  through  the  Ainsworth 
Strange  Situation  Procedure  (a  standard  experimental  paradigm  in  the  human 
mother-infant  attachment  research  field)  ,  after  which  a  second  saliva  sample 
was  obtained.  Both  experimental  sessions  were  videotaped  for  subsequent 
behavior  analysis.  The  data  from  this  study  will  delineate  the  effects  of  the 
two  manipulations  on  saliva  Cortisol,  heartrate,  vagal  tone,  and  behavior, 
permitting  assessment  of  the  stability  of  individual  differences  between  the 
two  situations.  These  findings  will  then  be  compared  with  data  from  parallel 
studies  of  individual  differences  in  response  to  environmental  challenge  in 
rhesus  monkey  infants  and  juveniles,  in  which  considerable  stability  over  time 
and  across  situations  has  already  been  found. 

The  second  set  of  human  infant  studies  was  carried  out  in  collaboration  with 
Drs.  H.  and  M.  Papousek  of  the  Max  Planck  Institute  of  Psychiatry  (Munich)  and 
David  Symmes ,  of  the  LCE.  These  studies  focused  on  the  phenomenon  of  "intui- 
tive parenting,"  in  which  preverbal  human  infants  elicit  a  distinctive  pattern 
of  communication  from  parents  and  other  caretakers  that  includes  speech 
("baby-talk"),  exaggerated  facial  expressions,  and  maintenance  of  eye-to-eye 
contact  at  a  fixed  distance.  Such  distinctive  communication  patterns  are 
produced  by  parents  automatically  and  usually  without  conscious  awareness  that 
they  are  interacting  with  the  infant  in  a  different  fashion  than  they  would 
with  adults.  In  the  main  study  for  which  data  collection  was  completed  this 
year,  mothers  whose  native  language  is  either  English  or  Mandarin  Chinese  (a 
language  characterized  by  extreme  tonality)  brought  their  2-month-old  infants 
into  a  laboratory  playroom,  and  in  that  setting  their  normal  interactions  with 
their  infants  were  videotaped  over  a  half-hour  period.  When  their  infants  were 
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4  months  old,  the  mothers  and  their  infants  returned  to  the  laboratory  playroom 
for  a  second  interaction  session,  which  was  also'  videotaped.  The  pitch  pat- 
terns and  contours  of  both  mothers  and  infants  were  then  subjected  to  micro- 
analytic  spectrographic  analysis,  using  computer-aided  array  processing  tech- 
niques. The  maternal  utterances  have  also  been  transcribed,  translated  (for 
Chinese  speaking  mothers),  and  coded  for  linguistic  content,  and  microanalysis 
of  changes  in  both  the  mothers'  and  infants'  facial  expression  has  begun. 
Additional  cross-cultural  comparisons,  using  existing  videotapes  of  mother- 
infant  interactions  in  West  German,  African  pigmy,  Yucatan  Indian,  and  deaf 
American  populations  are  also  underway,  with  preliminary  data  indicating  great 
generality  of  the  phenomenon  of  intuitive  parenting  across  all  cultures  sam- 
pled, but  with  some  differences  in  the  relative  frequency  and  developmental 
course  of  the  phenomenon  from  one  culture  to  another.  Finally,  examination  of 
tapes  of  early  mother-infant  interactions  in  pigmy  chimpanzees  and  lowland 
gorillas,  two  of  Homo  sapiens' genetically  closest  primate  relatives,  offers 
some  evidence  for  intuitive  parent-like  communication  in  the  tactile  mode,  but 
an  absence  of  the  pattern  of  vocal  and  eye-to-eye  visual  exchange  so  character- 
istic of  intuitive  parenting  in  every  human  culture  studied  to  date. 

Mechanism  and  Genetics  of  Primate  Vocalization 

John  Newman  completed  several  studies  investigating  brain  mechanisms  involved 
in  the  production  of  specific  vocal  patterns  in  squirrel  monkeys.  The  role  of 
alpha-adrenergic  receptors  in  production  of  isolation  calls  was  .examined  by 
comparing  the  effects  of  different  doses  of  the  alpha  antagonist  clonidine,  the 
alpha-2  antagonist  yohimbine,  and  the  alpha-1  antagonist  prazosin.  Call  rate 
decreased  in  dose-dependent  fashion  with  clonidine  administration  and  increased 
with  increasing  doses  of  yohimbine.  When  a  moderate  dose  of  yohimbine  was 
given  concomitantly  with  the  highest  dose  of  clonidine,  the  suppressive  effects 
of  clonidine  were  reversed,  but  when  prazosin,  the  alpha-1  receptor  antagonist, 
was  given  concomitantly  with  clonidine,  there  was  no  reversal  of  call  suppres- 
sion, thus  implicating  alpha-2,  but  not  alpha-1  receptors  in  isolation  call 
production.  The  antidepressant  imipramine  also  suppressed  production  of  isola- 
tion call  in  these  subjects.  Another  series  of  studies  examined  the  effects  of 
anticholinergic  compounds  on  production  of  both  isolation  and  alarm  calls. 
Benactyzine  increased  alarm  call  production  while  decreasing  the  rate  of  isola- 
tion calling.  These  benactyzine  effects  could  be  blocked  by  pretreatment  with 
the  cholinemetic  physostigmine  (which  crosses  the  blood-brain  barrier)  but  not 
with  the  cholinmetic  neostigmine  (which  does  not  cross  the  blood-brain  bar- 
rier) . 

Newman  also  completed  a  long-term  study  of  inheritance  patterns  of  species- 
typical  isolation  calls  in  hybrid  offspring  of  cross-species  breeding  between 
sympatric  populations  of  two  squirrel  monkey  species  and  between  allopatric 
populations  of  the  same  species  (Gothic-arch  versus  Roman-arch  squirrel  mon- 
keys). Isolation  calls  of  the  hybrids  resulting  from  sympatric  crosses  most 
closely  resembled  the  characteristic  Roman-arch  phenotype,  while  calls  of 
allopatric  hybrids  more  closely  resembled  the  Gothic-arch  phenotype.  A  second 
long-term  comparative  study  of  isolation  calls  among  members  of  the  prosimian 
genus  Lemur  was  also  completed  this  year  with  the  recording  of  calls  from  Lemur 
mongoz  infants  born  at  the  Duke  University  Prosimian  Primate  Center.  Compara- 
tive analyses  of  sound  spectrographs  revealed  an  increasing  amount  of  broad- 
frequency  noise  over-riding  the  basic  tonal  structure  of  isolation  calls  from 
Lemur  mongoz ,  Lemur  fulvus,  Lemur  macaco,  Lemur  coronatus,  and  Lemur  catta, 
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respectively .  An  additional  study  of  vocal  patterns  in  New  World  and  prosimian 
primate  species  that  routinely  produce  twin  births  was  initiated  with  the 
recording  of  isolation  calls  from  Cheirogaleus  medius,  Varrecia  variegata,  and 
Lemur  fulvus  infants  (Lemuridae  family),  and  from  Cullithrix  jacchus  and 
Cebuella  pygrnae  infants  (Callitrichidae  family). 

Brain,  Behavior,  and  Communication  Studies 

During  the  past  year,  the  technical  reach  of  these  studies  was  greatly  extended 
when  David  Symmes  installed  a  new  digital  sound  analysis  system  based  on  a  DEC 
11/73  computer  equipped  with  color  graphics.  This  system,  which  permits  direct 
analysis  of  monkey  calls  at  frequency  ranges  well  beyond  human  hearing,  has 
been  effectively  used  to  process  audio  tapes  and  to  develop  digital  records 
suitable  for  sophisticated  statistical  analysis  of  the  frequency  domains  of 
monkey  vocalization  as  well  as  those  observed  in  human  mother-infant  interac- 
tions, as  described  in  the  previous  section.  A  recently  acquired  Kay  digital 
sound  spectrographs  apparatus,  with  which  the  computer  is  interfaced,  has 
given  us  a  unique  capability  to  analyze  biological  sounds. 

Employing  this  new  equipment,  Symmes  and  Maxine  Biben  have  collaborated  on  sev- 
eral studies  of  various  elements  of  squirrel  monkey  communication,  with  the 
result  that  several  important  advances  have  been  made  in  the  study  of  squirrel 
monkey  vocal  signalling  as  a  model  language.  Although  the  resemblance  between 
any  nonhuman  primate  vocal  system  and  human  language  is  distant,  new  develop- 
ments in  this  field  of  study,  and  in  this  laboratory  in  particular,  reduce  the 
distance  and  provide  insights  about  those  linguistic  properties  which  are 
highly  conserved  and  general.  For  example,  the  quiet  exchange  of  "chuck"  calls 
between  female  squirrel  monkeys  with  an  established  bond  of  friendship  appears 
to  be  an  excellent  model  of  "conversations,"  i.e.,  vocal  exchanges  wherein  the 
structure  and  information  content  of  later  utterances  are  modified  by  variables 
present  in  earlier  vocalizing.  Expanding  on  previous  findings  collected  from 
Gothic-arch  squirrel  monkeys,  these  researchers  have  collected  new  data  on 
chuck  calls  from  Roman-arch  subjects.  This  type  of  Saimiri  is  generally  con- 
sidered a  subspecies,  and  among  the  best  described  phenotypic  characteristics 
which  distinguish  them  as  a  subspecies  are  vocal  signals.  Previous  studies  of 
subspecific  differences  were  not  extended  to  affiliative  contexts,  as  in  the 
present  project.  The  new  data  suggest  more  similarities  than  differences 
between  the  subspecies'  use  of  chucks,  along  with  a  few  structural  distinc- 
tions. One  exception  is  the  existence  of  a  more  rigid  temporal  "rule"  re- 
garding spacing  of  calls  in  Roman-arch  animals.  Affiliative  partners  respond 
very  promptly  or  not  at  all  to  "question"  chucks.  It  is  possible  that  such 
temporal  spacing  contributes  to  recognition  of  familiar  animals. 

In  the  first  of  two  new  studies  on  the  ontogeny  of  vocal  communication  in 
squirrel  monkeys,  it  was  found  that  "cackle"  calls  (used  at  other  times  and  by 
adults)  are  given  by  the  dominant  partner  in  play  bouts  among  subadult  peers, 
and  play  "peep"  calls  (used  only  by  young  animals  when  playing)  are  given  by 
the  subordinate  partner.  When  role  reversal  occurs,  as  it  does  frequently  in 
play  between  similar  age  males,  play  peeps  are  given  by  both  players.  Thus 
usage  corresponds  with  social  relationship,  as  it  does  in  the  quiet  affiliative 
context.  The  rate  of  play  peeping  and  the  structural  complexity  of  the  calls 
correlate  with  and  in  fact  predict  the  duration  of  play  bouts.  The  conclusion 
was  drawn  that  play  peeps  reflect  motivation  to  play  rather  than  serving  as 
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signals  about  the  content  of  play  or  as  metacommunicative  reassurance  to  part- 
ners. The  latter  view,  focusing  in  earlier  literature  on  a  hypothesized  need 
to  avoid  a  progression  from  play  to  fighting,  is  clearly  inconsistent  with 
these  results,  which  are  the  first  systematic  study  of  playful  vocalizations  in 
a  nonhuman  primate. 

A  second  ontogenic  study  nearing  completion  has  addressed  the  question  of  early 
mother-infant  vocal  interactions,  also  in  squirrel  monkeys.  It  is  widely 
believed  that  monkey  vocalizations  are  preprogrammed  and  develop  normally 
without  a  learning  process.  This  belief  has  some  support  from  descriptions  of 
acoustic  structure,  but  extension  of  the  conclusion  to  functional  use  goes  far 
beyond  available  evidence.  The  present  initiative  is  intended  to  describe  in 
some  detail  the  nature  of  early  vocal  experience  and  usage  and  to  follow  func- 
tional development  for  several  years.  The  study  has  already  disclosed  the 
preeminence  in  the  first  months  of  a  call  type  not  previously  described,  al- 
though probably  heard  by  field  observers.  The  "coax"  call  is  used  by  mothers 
and  juvenile  females  and  results  in  the  infant  returning  to  the  mother  or  aunt 
and,  at  times,  to  cause  the  infant  to  assume  the  nursing  position.  Pitch 
contours  of  this  tonal  call  are  being  analyzed  in  terms  of  context,  and  they 
provide  an  unusual  opportunity  for  comparison  with  similar  data  at  the  human 
level,  as  described  in  the  previous  section. 

Child  and  Family  Research 

Frank  Pedersen  and  his  colleagues  continued  to  work  on  two  long-term  projects 
this  past  year,  and  initiated  three  new  studies  investigating  the  development 
of  nurturant  responses  by  parents  toward  infants.  The  first  long  term  project 
has  involved  the  observational  study  of  parent-infant  interactions  in  a  family 
context.  One  focus  of  the  project  has  been  on  the  effects  of  different  types 
of  short-term  maternal  separations  on  infant  socio-emotional  development.  In 
families  in  which  mothers  began  employment  prior  to  their  infants1  third  month 
of  life,  those  infants  judged  to  have  secure  versus  insecure  maternal  attach- 
ment relationships  at  15  months  did  not  differ  on  any  of  four  measures  of  the 
extent  of  employment-related  separation  they  had  experienced.  However,  a 
composite  measure  of  continuity  of  substitute  care  was  strongly  related  to 
secure/ insecure  attachment.  Infants  with  a  secure  maternal  attachment  were 
equally  distributed  across  the  full  range  on  the  continuity  scale.  In  con- 
trast, 85?  of  infants  with  an  insecure  attachment  experienced  substitute  care 
characterized  by  a  lack  of  high  continuity.  These  findings  are  the  first  to 
link  factors  in  substitute  care  environments  to  the  mother-infant  attachment 
relationship.  The  question  being  addressed  in  ongoing  research  is  whether  lack 
of  continuity  in  substitute  care  exerts  a  direct  effect  on  the  infant's  attach- 
ment relationship,  or  whether  this  factor  is  a  marker  of  a  more  basic  charac- 
teristic of  the  mother,  such  as  her  sensitivity. 

In  studies  of  the  father's  role  in  the  infancy  period,  follow-up  observations 
were  carried  out  of  father-infant  interactions  at  age  one  year  wherein  the 
fathers  had  evidenced  contrasting  affective  reactions  during  the  earlier  months 
of  parenthood.  Men  who  reported  in  interviews  that  they  had  experienced  peri- 
ods of  the  "blues"  or  a  dysphoric  mood,  as  contrasted  with  men  who  did  not 
report  such  feeling  states,  had  been  found  in  home  observations  at  3  months  to 
have  a  more  disengaged  style  of  relating  to  their  babies.  They  spent  more  time 
physically  remote  from  the  baby,  touched  their  babies  less  frequently,  and 
provided  less  frequent  caregiving  and  affection  than  did  the  comparison  group. 
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When  their  infants  were  12  months  old,  these  fathers  displayed  more  engagement. 
In  addition,  a  factor  that  was  associated  with  the  fathers'  dysphoric  mood  when 
their  infants  were  3  months  old,  problems  in  the  marital  relationship,  was 
reported  by  the  men  and  their  wives  as  significantly  improved  at  age  12  months. 
These  findings  provide  evidence  of  a  compensatory  process  in  men  who  had  ini- 
tial adaptational  difficulties.  The  pattern  of  the  findings  is  consistent  with 
a  transactional  model  of  early  experience  that  emphasizes  the  "self-righting" 
potential  in  human  adaptations. 

The  second  long  term  project,  headed  by  Robert  Klein,  examined  the  nature  and 
relative  incidence  of  behavior  problems  in  a  sample  of  children  receiving 
hormonal  therapy  for  precocious  puberty.  Analyses  completed  this  year  focused 
on  describing  the  combined  behavioral  influence  of  age  of  onset,  duration  of 
symptoms  before  onset  of  treatment,  and  pretreatment  medical  status  as  indi- 
cated by  bone  age,  vaginal  bleeding,  relative  height,  Tanner  stage,  and,  for 
the  idiopathic  precocious  puberty  group,  the  levels  of  gonadotropins  and  sex 
steroids.  Age  of  onset  and  duration  of  symptoms  appeared  to  be  equally  impor- 
tant variables,  but  the  presence  of  vaginal  bleeding  showed  no  relationship  to 
adjustment.  Extensive  correlational  analyses  were  carried  out  to  examine  the 
combined  effect  of  the  various  medical  status  indicators.  In  general,  these 
factors  had  a  synergistic  effect,  i.e.,  their  influence  was  stronger  when 
taking  into  account  the  other  factors  than  when  looking  at  their  influence 
individually.  Another  finding  is  that  estradiol  levels  are  significantly 
related  to  adjustment,  but  none  of  estradiol's  putative  physiological  effects 
(i.e.,  bone  age,  relative  height,  breast  stage,  and  vaginal  bleeding)  signifi- 
cantly covaried  with  the  adjustment  measure.  These  studies  are  of  great  value 
in  separating  the  effects  of  the  elevated  sex  steroids  on  behavior  and  the 
effects  of  the  sexual  characteristics  per  se  (i.e.  precocious  breast  develop- 
ment), since  the  characteristics  persist  for  some  time  after  hormone  antagonist 
therapy  has  been  initiated. 

Three  new  studies  initiated  this  past  year  examine  the  development  of  parental 
behavior,  especially  that  characterized  as  nurturant,  toward  infants.  The 
first  study  addresses  the  intergenerational  transmission  of  nurturant  roles  for 
females  and  males.  The  general  hypothesis  being  tested  is  that  beginning  very 
early  in  their  childrens'  lives,  parents  communicate  different  expectations  in 
their  play  behavior  with  male  and  female  children  regarding  the  care  of  babies, 
with  mothers  fostering  stronger  nurturant  expectations  than  fathers,  who  in 
turn  differentiate  their  role  expectations  for  males  and  females  more  strongly 
than  do  mothers.  The  second  study  involves  an  intervention  during  the  preg- 
nancy for  first-time  expectant  mothers.  The  intervention,  which  involves 
having  the  expectant  mother  (a)  handle  a  young  infant  on  three  different  occa- 
sions, (b)  observing  her  behavior  with  the  infant  on  videotape,  and  (c)  receiv- 
ing feedback  about  her  behavior,  was  hypothesized  to  reduce  anxiety,  heighten 
the  mother's  sensitivity  to  different  arousal  states  in  the  young  infant,  and 
facilitate  her  making  appropriate  responses  to  behavior  in  her  own  infant.  The 
third  study  compares  two  groups  of  expectant  parents,  who  did  or  did  not  expe- 
rience the  emotional  sequalae  of  a  previous  pregnancy  loss,  in  order  to  deter- 
mine whether  the  loss  (miscarriage,  stillbirth,  or  neonatal  death)  contributes 
toward  anxiety,  depression,  and  a  dysfunctional  parental  adaptation  that  could 
interfere  with  nurturant  behavior  toward  the  young.  For  each  study,  pilot 
investigations  have  been  completed  during  the  year  and  formal  data  collection 
is  currently  underway. 
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Laboratory  of  Developmental  Neurobiology — 
Phillip  G.  Nelson,  M.D.,  Ph.D.,  Chief 

This  Laboratory  investigates  the  neurobiologic  mechanisms  relevant  to  develop- 
ment of  the  nervous  system,  with  emphasis  on  studies  at  the  cellular,  membrane 
and  molecular  levels.  The  basis  for  short-  and  long-term  interaction  between 
nerve  cells  is  studied  electrophysiologically  and  biochemically.  Combined 
molecular  and  morphological  methods  are  used  in  the  analysis  of  experiential 
modifications  of  brain  function  and  gene  expression.  Two  primary  interests 
have  motivated  much  of  the  work  done  in  the  Section  on  Neurobiology  led  by  P.G. 
Nelson  over  the  past  several  years.  The  first  reflects  an  attempt  to  under- 
stand the  basic  mechanisms  responsible  for  excitatory  synaptic  transmission  in 
the  mammalian  central  nervous  system.  This  group  has  been  involved  in  studies 
on  both  synaptic  excitatory  transmitter  release  and  the  postsynaptic  membrane 
response  initiated  by  excitatory  agents.  A  second  area  of  interest  concerns 
the  roles  that  electrical  and  synaptic  activity  may  play  in  shaping  nervous 
system  development.  The  mature  functional  architecture  of  synaptic  circuitry 
in  the  mammalian  brain  is  critically  dependent  on  the  pattern  of  activity 
imposed  upon  it  during  development  by  the  structure  of  the  environment.  Nelson 
et  al .  have  sought  to  understand  some  of  the  molecular  and  cellular  processes 
involved  in  this  coupling  between  environment  stimuli  and  nervous  system  form 
and  function.  Obviously  related  in  a  general  way,  these  two  primary  areas  of 
interest  have  recently  begun  to  reveal  an  important  and  experimentally  relevant 
overlap  of  findings. 

The  Section  on  Neuroendocrinology ,  directed  by  D.  Klein,  has  utilized  the  cells 
of  the  pineal  gland  as  a  system  for  analyzing  in  pharmacological,  cell  biologi- 
cal and  molecular  genetic  terms  the  regulation  of  cell  function  produced  by  a 
neurotransmitter,  norepinephrine.  In  receiving  the  NIH  Director's  award  this 
year,  Dr.  Klein  was  cited  "For  pioneering  studies  of  the  pineal  gland  which 
have  demonstrated  the  unique  role  of  this  organ  in  the  neural  regulation  of 
metabolic  and  biological  rhythms."  He  and  his  group  have  demonstrated  the 
involvement  of  different  adrenergic  receptors  and  the  complex  interaction 
between  these  receptors  as  they  are  activated.  They  have  developed  techniques 
for  directly  addressing  the  cell  biologic  mechanisms  of  altered  intracellular 
calcium  ion  concentration  and  second  messenger  activation  that  pineal  cell 
stimulation  induces.  Klein  et  al .  are  currently  attempting  the  molecular 
cloning  of  specialized  pineal  genes,  which  should  allow  the  analysis  of  regula- 
tion at  the  level  of  transcription,  and  the  availability  of  antibodies  to 
several  gene  products  has  resulted  in  immunocytochemical  and  quantitative  study 
of  such  proteins.  Another  major  finding  in  the  past  year  is  that  pineal  cells 
send  axonal  projections  into  the  central  nervous  system,  so  that  a  classically 
neuronal  influence,  as  well  as  a  neurohumoral  effect,  of  the  pineal  on  brain 
function  may  be  anticipated. 

The  Unit  on  Molecular  Neurobiology  (B.  Schrier)  has  continued  its  efforts  to 
isolate  and  characterize  specific  genes  involved  in  neuronal  differentiation, 
using  mouse  neuroblastoma  cell  lines.  Work  is  focused  on  the  gene  that  encodes 
choline  acetyltransf erase  (ChAT);  sequencing  of  a  gene  tentatively  identified 
as  ChAT  on  the  basis  of  colony  selection  (using  an  expression  library  with  an 
anti-ChAT  antibody)  has  not  yet  unambiguously  established  homology  between  the 
cloned  sequence  and  the  authentic  gene.  Other  work  is  concerned  with  isolating 
the  gene  coding  for  a  neurotrophic  factor  produced  by  brain  tissue  near  a  stab 
would  in  the  rat  cerebral  cortex. 
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The  work  in  Nelson's  section  may  be  divided  into  three  projects,  the  first  of 
which  is  focused  on  neuron-glial-neuron  peptide  mediated  interaction.  Powerful 
neuron-glial  interactions  with  a  major  impact  on  nervous  system  development  are 
proving  amenable  to  detailed  cell-biologic  analysis  in  the  mammalian  cell 
culture  systems  employed  in  the  Laboratory.  D.  Brenneman  has  shown  that  a 
neuropeptide,  vasoactive  intestinal  peptide  (VIP),  is  released  from  a  subset  of 
neurons  in  an  activity  dependent  manner,  and  acts  on  non-neuronal  cells,  pre- 
sumably glia,  at  concentrations  as  low  as  10~12  M.  A  large  increase  in  the 
release  of  several  radioactively  labelled,  newly  synthesized  proteins  can  be 
demonstrated  from  glial  cultures  in  response  to  VIP  application.  No  such 
response  occurs  with  neuronal  cultures.  This  macromolecular  material  released 
by  peptidergic  stimulation  of  non-neuronal  cells  essentially  abolishes  the 
substantial  neuronal  death  that  normally  occurs  in  culture  in  close  approxima- 
tion, both  temporally  and  quantitatively,  to  the  developmental  loss  of  neurons 
that  normally  occurs  _in  vivo.  Exogenously  supplied  VIP  produces  the  glial 
response  and  experiments  with  either  anti-VIP  antibodies  or  VIP  fragments  that 
block  the  VIP  receptor  convincingly  demonstrate  that  endogenously  released  VIP 
has  a  similarly  potent  glia-mediated  effect  on  neuronal  survival.  Closely 
related  peptides  with  substantial  homology  to  VIP  either  lack  any  such  effects 
or  are  active  only  at  substantially  higher  concentration  (plausibly  working 
through  partial  agonistic  activity  at  the  VIP  receptor).  These  findings  are 
particularly  exciting  in  that  they  may  provide  a  generalizable  model  for  a 
major  aspect  of  activity-dependent  modification  of  nervous  system  development. 
(It  is  noteworthy  that  the  widespread  distribution  of  VIP-containing  cells  in 
the  cerebral  cortex  would  allow  this  sytem  to  subserve  a  broad  developmental 
role  therein).  It  seems  unlikely,  however,  that  VIP  is  the  only  agent  that 
will  prove  capable  of  eliciting  release  of  trophic  material  from  glial  cells, 
and  some  evidence  exists  that  catecholamines  may  do  so  as  well.  These  investi- 
gators hypothesize  that  a  number  of  broadly  distributed  peptidergic  and 
aminergic  systems  in  the  brain  may  have  a  specific  developmental  regulatory 
role  mediated  by  the  type  of  neuron-glial-neuron  interactions  that  they  have 
demonstrated.  The  culture  systems  allow  detailed  analysis  of  the  neuron-de- 
rived signal  acting  on  the  glia  receptors,  the  second  messenger  systems,  and 
the  neurotrophic  materials  that  are  released.  The  possible  significance  for 
understanding  the  basis  of  neurodevelopmental  disorders  is  substantial. 

A  developmental  effect  of  neural  electrical  activity,  complementary  to  that 
described  above,  is  its  role  in  producing  neuronal  death.  Many  elegant  studies 
have  demonstrated  _in  vivo  that  electrical  activity  is  instrumental  in  the  loss 
of  neurons  that  is  so  characteristic  of  normal  development.  In  this  culture 
system,  also,  it  can  be  shown  that  neuron  survival  in  electrically  active 
cultures  treated  with  VIP  is  less  than  in  electrically  inactive  cultures  also 
treated  with  VIP  or  conditioned  medium  from  VIP-treated  glial  cultures.  (Elec- 
trically inactive  cultures  not  treated  with  VIP  or  conditioned  medium  have  the 
lowest  neuronal  survival). 

A  closely  related  area  of  study  has  to  do  with  specific  regulation  of  the 
development  of  central  cholinergic  neurons.  The  activity  of  choline  acetyl- 
transferase  (ChAT)  is  increased  in  spinal  cord  cultures  exposed  to  culture 
medium  conditioned  by  glial  cells.  This  group  has  shown,  however,  that  activ- 
ity related  regulation  of  neuro-development  is  specific  for  different  cell 
types.  (Inhibitory  neurons  that  take  up  gamma-amino-butyric  acid  are  relatively 
insensitive  to  alterations  in  the  state  of  electrical  activity  in  the 
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cultures).  It  may  be  that  different  growth  factors  selectively  affect  different 
types  of  neurons.  These  workers  have  begun  fractionation  of  glial-conditioned 
medium  and  will  use  the  convenient  ChAT  activity  assay  system  for  initial 
evaluation  of  the  different  fractionation  protocols.  Comparison  of  ChAT  stimu- 
lation activity  with  overall  neuronal  survival-promoting  activity  in  selected 
fractions  will  be  useful  in  identifying  differential  cell  specific  effects  of 
different  trophic  molecules.  Growth  factors  already  identified,  such  as  nerve 
growth  factor,  will  be  utilized  in  this  regard  as  well.  Identification  of 
cholinergic  neurons  by  an  anti-ChAT  antibody  that  has  been  characterized  exten- 
sively will  allow  determination  of  the  numbers  of  surviving  cholinergic  neurons 
as  well  as  the  aggregate  enzymatic  activity  of  the  cultures  under  different 
experimental  conditions.  Experiments  have  begun  on  cholinergic  development  in 
cultures  of  the  medial  septal  region  of  the  brain,  one  of  the  two  major  sources 
of  cholinergic  efferents  to  the  neo-  and  archicortex.  The  involvement  of  these 
systems  in  central  information  storage  and  in  major  neuropathologies  makes 
direct  experimental  extrapolation  of  findings  from  the  spinal  cord  to  these 
systems  of  high  priority. 

E.  Neale  and  P.  Nelson  have  initiated  a  series  of  experiments  to  address  the 
mechanism  of  electrical  activity  related  to  neuronal  loss,  and  the  closely 
related  problems  of  synapse  elimination  and  stabilization,  using  a  compart- 
mental  culture  system  that  should  offer  unique  advantages  for  such  an  analysis. 
These  experiments  will  interdigitate  closely  with  the  studies  discussed  above 
and,  using  the  immunocytochemical  and  physiologic  methods  with  which  the  lab 
has  much  experience,  will  be  designed  to  test  a  number  of  specific  hypotheses 
as  to  the  cellular  basis  for  the  extensive  synaptic  remodelling  and  cell  death 
that  occur  during  development  as  a  consequence  of  patterned  neuronal  electrical 
activity.  Considerable  methodological  work  will  be  involved  in  these  studies, 
but  this  seems  to  be  fully  justified  by  the  central  role  that  these  regressive 
processes  play  in  the  functional  development  of  the  nervous  system. 

A  second  project  in  the  Section  on  Neurobiology  concerns  excitatory  amino  acids 
and  postsynaptic  receptor  mechanisms.  M.  Mayer  and  G.  Westbrook  have  now 
provided  a  relatively  complete  picture  of  the  functioning  of  the  major  receptor 
systems  mediating  classical  excitatory  synaptic  transmission  in  the  central 
nervous  system.  A  large  body  of  heretofore  paradoxical  experimental  results  in 
the  literature  has  been  rationalized  by  the  findings,  widely  cited  in  the 
field,  of  Mayer  and  Westbrook.  At  least  two  and  probably  three  types  of 
receptors  have  been  demonstrated  in  experiments  _in  vivo.  These  are  termed,  on 
the  basis  of  agonist  effectiveness,  kainate,  quisqualate  or  N-methyl-D- 
aspartate  (NMDA)  receptors. 

NMDA  receptors  appear  to  be  the  most  complex,  and  in  a  number  of  regards,  the 
most  interesting.  The  channels  associated  with  this  receptor  are  chemically 
gated,  but  exhibit  a  strongly  voltage-dependent  behavior  which  is  due  to  block- 
ade of  the  channels  by  magnesium  ions.  The  functional  morphology  of  the  chan- 
nels has  been  explored  by  measuring  their  conductance  at  various  potentials  in 
the  presence  of  different  divalent  ions.  The  results  suggest  that  an  ion- 
binding  site  occurs  in  the  channel  with  a  selective  affinity  for  the  different 
ions.  Binding  of  divalent  cations  reduces  the  permeability  of  the  channels  to 
monovalent  cations,  and  the  binding  energy  determines  the  voltage-dependent 
behavior  of  the  channels.  The  NMDA  channel  has  a  relatively  high  permeability 
to  calcium  ions;  the  ratio  of  calcium  to  sodium  permeability  is  approximately 
5,  an  unusually  high  value  for  chemically  gated  channels.   Measurement  of 
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changes  in  intracellular  calcium  with  calcium-sen'sitive  dyes  has  demonstrated 
that  NMDA  receptor  agonists  produce  an  increase  in  intracellular  calcium,  while 
activation  of  kainate  or  quisqualate  receptors  do  not  show  comparable  changes. 
Other  experiments  confirm  this  unique  calcium  permeability  feature  of  the  NMDA 
receptor-associated  channels. 

This  calcium  ingress  associated  with  NMDA  receptor  activation  is  of  particular 
interest  in  view  of  the  involvement  of  altered  intracellular  calcium  in  a 
variety  of  cellular  regulatory  processes.  Thus,  it  is  important  to  understand 
the  relationship  of  these  receptors  to  synaptic  transmission  in  the  central 
nervous  system.  Previous  studies  had  implicated  non-NMDA  receptors  in  the 
mediation  of  fast  excitatory  synaptic  transmission  in  most  central  synapses. 
Recent  experiments  in  the  LDN  have  demonstrated  clearly,  however,  that  most,  if 
not  all,  spinal  cord(SC)  excitatory  synapses  involve  a  dual  receptor  mediated 
mechanism.  Experiments  utilizing  manipulations  of  neuronal  membrane  potential, 
Mg++  ion  concentration,  and  selective  amino  acid  blockers,  reveal  that  EPSPs 
are  composed  of  a  fast  non-NMDA  receptor  mediated  component  and  a  much  slower 
component,  mediated  by  NMDA  receptors.  Since  activation  of  NMDA  receptors  has 
also  been  implicated  in  several  pathological  situations  (epilepsy  and  hypo- 
glycemic brain  damage),  an  understanding  of  their  role  in  synaptic  transmission 
is  vital  to  an  understanding  of  both  normal  and  abnormal  CNS  function.  Mayer 
and  Westbrook  have  been  successful  in  establishing  tissue  culture  preparations 
wherein  such  synaptic  mechanisms  may  be  expected  to  be  expressed  as  a  longer 
term  modification  or  plasticity  of  synaptic  function.  In  particular,  hip- 
pocampal  neurons  in  vivo  or  in  slice  preparations  exhibit  long  term  potent- 
iation of  excitatory  synaptic  input  under  a  variety  of  circumstances.  Cultures 
of  hippocampal  neurons,  in  conjunction  with  their  normal  cholinergic  input  from 
the  septal  region,  offer  favorable  opportunities  for  studying  physiological 
mechanisms  of  neuronal  plasticity  in  an  extremely  accessible  experimental 
system. 

Delta  (S)  receptors  could  be  demonstrated  in  all  tested  dorsal  root  ganglion 
(DRG)  neurons  and  about  two-thirds  of  SC  neurons;  activation  of  these  receptors 
results  in  decreased  transmitter  output  assayed  electrophysiologically.  Kappa 
(<)  receptors  occur  on  about  one-third  of  SC  neurons,  but  only  in  co-occurrence 
with  6  receptors.  Mu  (u)  receptors  could  be  demonstrated  only  in  a  minor  (<5%) 
proportion  of  the  SC  cells  tested. 

Tsien  et  al .  have  demonstrated  three  species  of  calcium  channels  of  which  the 
activation  of  one  (the  L  channel)  is  increased  by  the  dihydropyridine,  BayK 
8644.  These  investigators  have  now  confirmed  the  agonist  action  of  this  agent 
in  cultured  DRG  and  SC  neurons,  and  shown  that  BayK  8644  does  not  have  a  corre- 
sponding effect  of  increasing  transmitter  output  from  these  cells.  This  sug- 
gests that  L  channels  may  not  be  involved  in  transmitter  release  from  these 
cells.  Mayer  and  Westbrook  have  found  that  nitrendipine,  a  blocker  of  volt- 
age-sensitive calcium  channels  in  many  tissues,  generally  does  not  signifi- 
cantly affect  calcium  currents  in  cultured  SC  or  DRG  neurons.  On  average,  no 
significant  effects  on  transmitter  output  could  be  documented,  although  in  a 
minority  of  cells  some  augmentation  of  output  occurred  with  nitrendipine  appli- 
cation. 

In  further  work  in  this  area,  this  group  hopes  to  establish  what  specific  type 
of  calcium  channel  is  involved  in  transmitter  release.   This  would  have  impor- 
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tant  neuropharmacological  consequences,  in  that  the  different  calcium  channels 
are  affected  differently  by  different  drugs. 

The  third  project  in  the  Section  on  Neurobiology  concerns  excitatory  synaptic 
transmitter  release  mechanisms.  Combined  physiological  and  anatomical  studies 
of  cultured  spinal  cord  neurons  by  E.  Neale  and  P.  Nelson  have  been  directed  at 
the  question  of  the  morphological  identity  of  the  physiological  transmitter 
release  element.  While  it  appeared  that  the  synaptic  bouton  corresponds  to  the 
release  element,  in  some  cases  up  to  three-fourths  of  the  boutons  may  be 
physiologically  inactive,  representing  a  functional  "synaptic  reserve"  availa- 
ble for  mobilization  under  appropriate  circumstances.  Inadequate  regulation  of 
intracellular  calcium  in  some  cell  types  or  in  some  synaptic  boutons  may  con- 
tribute to  this  functional  inactivation;  a  raised  intracellular  calcium  ion 
concentration  would  be  expected  to  diminish  the  availability  of  voltage-sensi- 
tive calcium  channels  necessary  for  transmitter  release.  These  investigators 
have  now  found  that  DRG  neurons  (as  compared  to  SC  neurons)  are  less  able  to 
maintain  either  transmitter  output  or  voltage-sensitive  calcium  currents  under 
conditions  of  sustained  repetitive  activation.  These  cells  also  appear  to  have 
a  lower  concentration  of  mitochondria  in  their  synaptic  boutons  than  do  SC 
neurons . 

Further  pharmacological  studies  of  calcium  currents  and  transmitter  release 
have  utilized  several  opiate  peptides  and  dihydropyridine  agonists  and  antago- 
nists of  voltage-sensitive  calcium  channels.  This  group  is  especially  inter- 
ested in  the  selectivity  of  the  distribution  of  presynaptic  receptors  on 
tissue-cultured  neurons,  and  the  question  of  the  type  of  calcium  channels  that 
are  responsible  for  transmitter  release. 

The  findings  of  Mayer  and  Westbrook  on  excitatory  synaptic  mechanisms  have 
clear  relevance  for  the  activity-dependent  developmental  modulations  being 
analyzed  by  Brenneman's  group.  Pharmacological  tools  are  available  to  address 
the  question  of  which  class  of  amino  acid  receptors  may  be  involved  in  those 
developmental  phenomena. 

The  Section  on  Neuroendocrinology ,  directed  by  D.  Klein,  has  focused  on  cyclic 
nucleotide  regulation  in  the  pineal.  Noradrenergic  neural  stimulation  of  the 
pineal  gland  is  associated  with  dramatic  regulation  of  melatonin  synthesis  by 
the  gland.  Both  a-1  and  6-1  adrenoreceptors  are  involved  in  this  regulation, 
and  considerable  understanding  has  been  achieved  of  the  cell  biological  mecha- 
nisms activated  via  these  two  receptors  and  of  the  intricate  interactions 
between  them.  The  research  program  of  the  section  has  produced  much  new  infor- 
mation of  how  a-1  and  8-1  receptors  interact  to  regulate  cAMP  and  cGMP,  which 
are  directly  involved  in  control  of  melatonin  metabolism.  Activation  of  the  5 
adrenoreceptors  is  a  prerequisite  for  stimulation  of  either  cAMP  or  cGMP  lev- 
els, but  pure  6-receptor  stimulation  has  only  a  small  effect  on  both  cyclic 
nucleotides,  representing  less  than  5%  of  the  maximal  response,  a-1  receptor 
stimulation  has  no  effect  on  either  cyclic  nucleotide  by  itself,  but  simultane- 
ous stimulation  of  both  receptors  results  in  an  elevation  of  cAMP  and  cGMP  more 
than  100-fold  greater  than  control  values.  It  is  of  interest  that  the  peptide, 
vasoactive  intestinal  peptide  (VIP)  ,  that  Brenneman  is  studying  in  neuronal  and 
glial  cultures,  can  mimic  the  effects  of  B~adrenergic  stimulation  of  pineal 
cells. 
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This  lab  has  made  considerable  progress  in  eluci'dating  the  role  that  calcium 
and  phospholipids  play  in  cAMP  and  cGMP  regulation.  Activation  of  the  a-1 
receptor  produces  a  sustained  increase  in  intracellular  calcium  due  to  an 
increase  in  net  influx  of  calcium  across  the  surface  membrane  through  a  ligand- 
activated,  nif edipine-insensitive  channel.  The  a-1  activation  is  accompanied 
also  by  an  increase  in  calcium-dependent  phospholipase  C  activity,  which  gener- 
ates diacylglycerol  from  phospholipids.  These  changes  in  cytosolic  calcium  and 
diacylglycerol  in  turn  result  in  activation  of  protein  kinase  C  by  trans- 
locating it  from  cytosol  to  the  membrane  of  the  pinealocyte.  Protein  kinase  C 
probably  acts  via  adenylate  and  guanylate  cyclase  and  via  GTP  binding  proteins, 
to  increase  levels  of  the  cyclic  nucleotides.  An  additional  mechanism  involv- 
ing phospholipase  A2  and  arachidonic  acid  has  been  implicated  in  regulation  of 
cGMP.  Mepacrin,  an  inhibitor  of  phospholipase  A2,  blocks  adrenergic  stimula- 
tion of  cGMP.  a-1  receptor  stimulation  of  phospholipase  A2  may  be  mediated  by 
protein  kinase  C,  since  activation  of  this  kinase  activates  the  phospholipase. 
According  to  these  findings,  then,  the  cascade  of  events  leading  to  an  increase 
in  cGMP  may  first  involve  a-1  stimulation  of  calcium  ingress  and  diacylglycerol 
production  (resulting  from  phospholipase  C  activation),  followed  by  protein 
kinase  C  activation  which  stimulates  phospholipase  A2.  Increased  activity  of 
this  enzyme  results  in  production  and  release  of  arachidonic  acid;  this  agent, 
or  an  active  metabolite,  appears  to  fully  activate  g-1  sensitive  membrane-bound 
guanylate  cyclase.  This  line  of  work  will  be  actively  pursued  and  is  deemed 
important  in  that  relatively  little  information  is  available  regarding  the 
molecular  basis  for  cGMP  regulation  in  neural  tissue. 

Continued  adrenergic  stimulation  of  the  pineal  gland  results  in  desensitiz- 
ation,  and  recent  findings  in  this  lab  indicate  that  this  may  involve  protein 
kinase  C;  activators  of  this  enzyme  not  only  have  stimulatory  effects  but  also 
produce  desensitization  to  adrenergic  agonists.  Long  term  effects  seen  in 
pinealocytes  deprived  of  adrenergic  stimulation  are  also  of  interest  to  the 
section.  In  this  case,  a  large  shift  in  responsivity  of  the  gland  to 
adrenergic  stimulation  is  seen  such  that  cAMP  responses  dominate  over  cGMP 
responses. 

Cellular  mechanisms  related  to  regulation  of  the  pinealocyte  membrane  potential 
are  of  significance  in  that  norepinephrine  (NE)  produces  a  membrane  hyper- 
polarization,  and  this  hyperpolarization  appears  to  be  required  for  the 
adrenergic  stimulation  of  N-acetyltransf erase  activity  and  of  melatonin  produc- 
tion. Ouabain  or  high  K+  block  such  stimulation.  Studies  of  a  ouabain-sensi- 
tive  Na-K-ATPase  have  shown  that  this  enzyme  is  absent  in  pinealocytes  at  birth 
and  only  develops  postnatally.  Correspondingly,  ouabain  does  not  block  the 
adrenergic  stimulation  of  N-acetyltransf erase  activity  in  pinealocytes  at 
birth,  although  a  high  concentration  of  K+  does.  Interestingly,  activation  of 
phospholipase  A2,  acting  through  the  generation  of  fatty  acids,  appears  to 
affect  the  transmembrane  position  of  Na ,  K-ATPase,  resulting  in  a  3-fold  in- 
crease in  the  number  of  external,  ouabain  binding  sites,  with  total  inhibition 
of  internal,  catalytic  sites.  Thus  adrenergic  activation  of  phospholipase  A2 
might  decrease  Na  pump  activity,  depolarizing  the  pinealocyte. 

A  second  project  in  the  Section  on  Neuroendocrinology  involves  melatonin  regu- 
lation. cAMP  increases  the  production  and  release  of  melatonin  by  increasing 
the  activity  of  one  of  the  enzymes  involved  in  the  conversion  of  serotonin  to 
melatonin.  This  is  a  two-enzyme  pathway  involving  an  N-acetyltransf erase  and  an 


-49- 


O-methyltransf erase.  N-acetyltransf erase  regulates  the  daily  rhythm  in  mela- 
tonin synthesis,  and  is  regulated  by  norepinephrine  acting  through  a  cAMP 
mechanism.  cAMP  stimulates  the  activity  of  rat  N-acetyltransf erase  100-fold. 
This  stimulation  involves  new  synthesis  of  protein  and  gene  expression,  and  is 
rapid,  with  a  doubling  time  of  about  15  minutes.  cAMP  also  stabilizes  N- 
acetyltransf erase  in  an  active  form,  preventing  inactivation.  When  cAMP  de- 
creases, N-acetyltransf erase  activity  decreases  rapidly,  with  a  halving  time  of 
about  three  minutes.  Hydroxyindole-O-methyltransf erase  is  also  regulated  by 
norepinephrine.  However,  it  changes  gradually  in  response  to  stimulation,  and 
changes  are  detected  only  following  a  week  of  treatment. 

As  indicated  above,  the  adrenergic-cyclic  AMP  stimulation  of  N-acetyltrans- 
ferase  requires  membrane  hyperpolarization.  Some  recent  studies  have  indicated 
that  depolarization  by  K+  blocks  gene  expression,  and  thereby  blocks  the  in- 
crease in  N-acetyltransf erase.  Ouabain  appears  to  block  the  increase  in  N- 
acetyl transferase  at  a  latter  step,  allowing  gene  expression  but  appearing  to 
prevent  translation.  This  line  of  investigation  is  of  special  importance 
because  it  is  a  rare  example  of  a  role  of  membrane  potential  in  gene  expression 
in  the  nervous  system,  and  will  be  important  to  pursue. 

The  detailed  study  of  the  regulation  of  N-acetyltransf erase  and  hydroxyindole- 
O-methyltransf erase  activity  in  the  pineal  gland  is  important  because  it  will 
provide  some  insight  into  the  adrenergic  regulation  of  gene  expression  in  the 
nervous  system.  Up  to  this  time,  studies  have  been  almost  entirely  limited  to 
the  analysis  of  enzyme  activity,  with  no  meaningful  measurement  of  enzyme 
protein  or  mRNA,  or  related  studies  on  post-transcriptional  and  post- 
translational  processing.  These  studies  have  not  been  possible  because  the 
appropriate  probes  have  not  been  available.  This  lab  has  now  begun  a  major 
effort  to  obtain  the  tools  needed  to  study  the  regulation  of  N-acetyltrans- 
f erase  and  hydroxyindole-O-methyltransf erase ,  and  related  proteins  of  interest. 
Highly  purified  preparations  of  sheep  N-acetyltransf erase  have  been  obtained  in 
sufficient  amounts  to  sequence  the  enzyme  and  initial  steps  have  been  taken  to 
raise  antiserum.  The  bovine  enzyme,  hydroxindole-O-methyltransf erase,  has  been 
prepared  in  suitable  amounts  of  highly  pure  material  so  that  the  sequence  of 
this  protein  is  now  being  determined;  a  partial  sequence  has  been  established. 
High  titre  polyclonal  antiserum  with  high  specificity  has  been  prepared  in 
rabbits,  and  an  extensive  characterization  has  indicated  that  this  is  a  relia- 
ble means  of  detecting  the  bovine  enzyme. 

To  prepare  cDNA  probes  for  N-acetyltransf erase  and  hydroxyindole-O-methyl- 
transf erase,  a  bovine  pineal  cDNA  library  was  prepared  in  collaboration  with 
the  Unit  on  Molecular  Neurobiology  in  the  LDN.  An  improved  bovine  pineal  cDNA 
library  is  now  being  prepared,  along  with  a  day-sheep  and  night-sheep  pineal 
cDNA  library,  and  a  control-rat  and  adrenergically-stimulated  rat  pineal  cDNA 
library.  These  will  be  used  to  clone  specific  cDNA's  of  interest,  for  eventual 
experimental  use  in  the  analysis  of  gene  expression  in  the  pineal  gland.  In  an 
associated  effort  to  study  the  regulation  of  gene  expression  in  the  pineal 
gland,  work  has  been  done  on  the  isolation  of  the  S-antigen  gene.  The  S-anti- 
gen,  a  putative  cyclic  nucleotide  regulatory  protein,  is  found  only  in  the 
pineal  gland  and  retina. 

A  number  of  observations  indicate  that  the  paraventricular  nucleus  of  the 
hypothalamus  may  be  involved  in  the  circuits  which  control  the  release  of 
norepinephrine  from  the  sympathetic  nerve  endings  in  the  pineal  gland.   This 


-50- 


past  year,  the  Section  has  collaborated  with  workers  at  the  University  of  Penn- 
sylvania, Department  of  Psychology,  to  show  that  electrical  stimulation  of  the 
paraventricular  nucleus  during  the  day  causes  an  increase  in  melatonin  produc- 
tion. This  work  is  continuing  with  iontophoresis  of  the  putative  transmitters. 

In  collaboration  with  H.  Korf ,  Geissen,  West  Germany,  the  Section  reported  this 
year  that  there  are  neural  connections  between  the  pineal  gland  and  both  the 
habenula  and  posterior  commisure.  This  is  a  very  significant  discovery  because 
it  offers  a  reason  to  suspect  that  the  pineal  gland  might  communicate  directly 
with  other  areas  of  the  brain,  not  only  by  humoral  avenues.  The  work  on  pineal 
projections  has  continued  in  a  collaborative  effort  with  Drs.  Ungerleiter  and 
Mishkin,  NIMH,  using  the  monkey.  Preliminary  findings  point  to  the  possibility 
that  such  connections  are  also  present  in  primates.  This  work  may  be  critical 
in  future  research  on  the  pineal  gland. 

The  Molecular  Neurobiology  Unit,  led  by  B.  Schrier,  has  contined  its  work  with 
differentiation-stage-specific  cDNAs  from  mouse  neuroblastoma  cells,  and  from  a 
hybrid  cell  line  (mouse  neuroblastoma  x  rat  glioma).  To  date,  several  differ- 
entiation-specific and  differentiation-enriched  clones  have  been  isolated,  and 
the  degree  of  specificity  confirmed  by  Northern  blots  and/ or  dot  blots.  RNA 
blots  are  also  being  used  to  determine  the  environmental  stimulus  responsible 
for  activation  of  the  expression  of  these  genes,  and  the  timing  of  that  activa- 
tion during  the  differentiation  paradigm. 

These  investigators  have  recently  initiated  an  effort  to  determine  whether  the 
cDNA  clone  designated  \ChAT7  is  homologous  to  the  mRNA  which  encodes  the  enzyme 
choline  acetyl transferase.  By  means  of  _in  vitro  translation  of  hybrid-selected 
mRNA,  followed  by  assays  for  enzyme  activity  and  Western  blot  identification 
with  monoclonal  and  polyclonal  antibodies,  they  are  trying  to  obtain  additional 
evidence  for  this  clone's  identity. 

This  group  has  also  employed  the  cascade  hybridization  technique  to  partially 
purify  cDNAs  enriched  in  rat  cerebral  cortical  tissue  near  a  stab  wound  10  days 
afte  the  lesion.  A  library  of  these  cDNAs  cloned  in  an  expression  vector  has 
been  obtained,  is  being  characterized  as  to  its  specificity  for  lesioned  brain, 
and  will  be  screened  for  a  neurotrophic  factor  necessary  for  the  survival  of 
sympathetic  neurons  in  culture.  This  factor  is  known  to  be  much  enhanced  in 
lesioned  brain  tissue. 

Schrier  et  al .  have  achieved  the  expression  of  mouse  pro-opiomelanocortin 
(POMC)  in  E.  coli.  The  5' -untranslated  region  of  a  full-length  POMC  cDNA  clone 
was  exonucleolytically  deleted,  and  the  coding  sequence  was  inserted  into  a 
bacterial  expression  vector  within  which  transcription  of  the  POMC  coding 
sequence  is  under  the  control  of  the  lac  operator.  Cells  that  harbor  the 
clones  can  be  induced  to  synthesize  large  amounts  of  the  POMC  protein.  POMC 
analogues  will  be  produced  from  specifically  mutagenized  clones  and,  in  col- 
laboration with  the  Cellular  Neurobiology  Unit  (LNN)  ,  an  investigation  will  be 
undertaken  on  the  basis  of  the  cleavage-site  specificity  of  a  pro-hormone 
converting  enzyme  (using  analyses  of  the  cleavage  products  produced  by  reaction 
of  the  converting  enzyme  with  the  POMC  analogues). 

Primary  cultures  of  glial  cells  have  been  observed  by  others  in  the  Laboratory 
of  Developmental  Neurobiology  to  secrete  a  neuronotrophic  factor  that  stimu- 
lates choline  acetyltransf erase  activity  in  fetal  mouse  spinal  cord  neurons. 
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Schrier  and  his  colleagues  have  observed  that  Xenopus  laevis  oocytes  that  have 
been  injected  with  glial  cell-derived  RNA  will  secrete  a  neuronotrophic  factor 
that  exhibits  the  same  properties  as  that  detected  in  glial  cell  conditioned 
medium  (mock-injected  oocytes  do  not  produce  the  factor).  Hence  these  workers 
now  have  an  assay  for  the  messenger  RNA  that  encodes'  the  factor,  and  have 
undertaken  the  molecular  cloning  of  its  cDNA. 
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Laboratory  of  Theoretical  and  Physical  Biology— 
David  Rodbard,  M.D.,  Chief 

This  Laboratory  conducts  a  wide  range  of  computational  and  theoretical  studies, 
applying  mathematical,  statistical,  and  computer-based  techniques  to  the  analy- 
sis of  complex  clinical,  biological,  and  pharmacological  problems.  Experimental 
work  in  the  Laboratory  involves  the  study  of  receptor-ligand  interactions;  the 
mass  spectroscopic  analysis  of  metals,  steroids,  and  amino  acids  in  man;  and 
the  physical-chemical  characterization  of  peptides  using  polyacrylamide  gel 
electrophoresis  and  related  approaches. 

The  section  directed  by  D.  Rodbard  analyzes  the  interaction  of  hormones  and 
neurotransmitters  with  their  receptors  using  a  combined  theoretical  and  experi- 
mental approach.  With  this  approach,  the  group  has  previously  demonstrated  the 
existence  of  the  mu-1  subtype  of  opioid  receptor,  which  is  responsible  for 
analgesia  and  the  hypothalamic  control  of  pituitary  function.  These  investiga- 
tors have  also  characterized  other  multiple  subtypes  of  the  opioid  receptors  in 
adrenal  medulla,  designated  K1  ,  K2,  and  K3.  These  findings  have  been  made 
possible  by  the  development  of  new  mathematical  and  statistical  methods  for 
studying  dose-response  curves  in  the  presence  of  multiple  ligands  (the 
"multi-ligand"  design);  the  combination  of  modelling  and  biochemical 
approaches;  and  computerized  methods  for  optimization  of  experimental  design, 
analysis  and  validation  of  results. 

Using  similar  methods,  Rodbard  and  his  colleagues  have  now  demonstrated  and 
characterized  at  least  three  types  of  oxytocin  and  vasopressin  receptors 
throughout  the  male  genital  tract  of  the  pig.  Oxytocin  receptors  are  most 
concentrated  in  the  testis  of  the  prepubertal  pig,  and  this  concentration  de- 
creases progressively  in  the  epididymis  and  vas  deferens,  whereas  the  reverse 
pattern  of  localization  is  observed  for  the  V1  vasopressin  receptor.  A 
pharmacologically  distinct  type  of  vasopresin  receptor,  designated  V3,  is 
present  at  extremely  high  concentrations  in  the  seminal  vesicle,  is  coupled  to 
adenylate  cyclase,  and  resembles  the  vasopressin  receptor  of  the  anterior 
pituitary.  The  presence  of  these  receptors  implies  a  physiological  role  for 
oxytocin  and  vasopressin  in  male  reproduction. 

As  noted  above,  this  group  had  earlier  demonstrated  the  presence  of  three 
distinct  subtypes  of  kappa  receptors  in  bovine  adrenal  medulla,  and  they  are 
currently  studying  the  effects  of  opiates  on  the  regulation  of  catecholamine 
release.  They  have  demonstrated  the  presence  of  both  high  and  low  affinity 
opioid  receptors  in  neurosecretosomes  from  bovine  posterior  pituitary  (in 
collaboration  with  the  Laboratory  of  Neurochemistry  and  Neuroimmunology) ,  and 
have  shown  that  these  are  exclusively  of  the  kappa  type.  The  demonstration  of 
these  multiple  opioid  receptor  subtypes  now  mandates  a  thorough  reevaluation  of 
the  pharmacology,  biochemistry  and  function  of  opioid  receptors.  These  studies 
will  provide  a  basis  for  the  development  of  new  selective  agonists  and  antago- 
nists which  in  turn  will  be  necessary  for  further  dissection  of  these  intricate 
systems  which  appear  to  control  neurotransmitter  and  endocrine  systems.  Fi- 
nally, these  investigators  also  studied  the  influence  of  saturated  and  unsatu- 
rated fatty  acids  on  the  binding  of  opioids,  ouabain,  and  beta  adrenergic 
ligands  to  their  receptors,  to  evaluate  the  specificity  of  the  physiological 
effects  reported  in  such  experiments. 
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During  the  past  year,  this  section  also  developed  a  new,  universally  applicable 
method  for  curve-fitting  which  combines  the  advantages  of  empirical  methods 
(simplicity,  versatility,  flexibility,  no  need  to  provide  a  model  or  equation) 
with  several  of  the  advantages  of  mathematical  modelling  (objectivity,  statis- 
tical hypothesis  testing,  standard  errors  of  critical  parameters, 
computerization  and  automation).  This  method  promises  to  have  widespread 
utility  in  scientific  data  analysis. 

Objective  statistical  methods  for  detection  and  characterization  of  episodic 
pulsatile  hormone  release  have  also  been  developed,  and  applied  to  a  wide  range 
of  endocrine  systems.  When  instantaneous  hormone  secretion  is  computed,  it 
appears  that  >  90*  of  the  "tonic"  secretion  of  luteinizing  hormone  (LH)  in  man 
occurs  in  bursts  lasting  less  than  10%  of  the  time.  This  result  will  have 
considerable  impact  on  our  understanding  of  the  physiology,  not  only  of  LH,  but 
of  many  other  peptide  and  steroid  hormonal  systems. 

A  major  recent  accomplishment  has  been  the  development  of  several  innovative 
computer  programs  to  assist  physicians,  paramedical  personnel  and  diabetic 
patients  with  home  monitoring  of  blood  glucose  and  self-adjustment  of  insulin 
dosage.  These  programs,  for  the  IBM-PC  and  Apple  II  classes  of  microcomputers, 
provide  data  storage  and  retrieval,  graphical  and  statistical  analyses,  and 
"expert"  consultation  regarding  adjustment  of  insulin  dosage,  and  timing  of 
glucose  measurements.  The  programs  also  alert  the  patient  to  the  need  for 
conversation  with  a  physician.  Human  engineering  factors  have  been  optimized 
to  facilitate  acceptance,  and  the  programs  have  multiple  fail-safe  features. 
Rodbard's  group  has  worked  out  a  general  flexible  approach  for  the  development 
of  customized  treatment  plans  ("algorithms")  for  individual  patients.  The 
computer  permits  examination  of  the  discrete  and  continuous  "glucose  profile" 
to  evaluate  median  circadian  patterns,  or  changes  by  day  of  week  with  appropri- 
ate weighting  and  smoothing.  The  program  provides  a  detailed  analysis  and 
interpretation  of  the  glucose  profile.  The  ancillary  documentation  for  the 
programs  has  developed  into  a  book,  explicitly  describing  a  versatile  new 
approach  to  management  of  patients  with  type-I  diabetes.  These  programs  are 
now  being  evaluated  in  controlled  clinical  trials  at  medical  centers  throughout 
the  country,  with  special  reference  to  their  use  in  children,  adolescents,  and 
during  pregnancy. 

P.  Munson  devised  a  novel  statistical  analysis  of  an  SV40-based  DNA 
damage/repair  system  (a  shuttle  vector)  in  order  to  compare  several  possible 
models  of  the  mammalian  DNA  repair-mutagenesis  process  (in  collaboration  with 
the  Section  on  Viruses  and  Cellular  Biology) .  Results  showed  that  insertion  of 
one  base  (adenine)  occurs  with  higher  probability  opposite  a  damaged  base  in 
the  template  DNA  strand,  regardless  of  the  identity  of  the  original  base  at 
that  location. 

Munson  also  developed  a  new  statistical  test  and  computer  program  for  evaluat- 
ing the  "goodness-of-f it"  of  a  mathematical  model  to  observed  data,  based  on  a 
mathematical  characterization  of  random  noise  as  "rough"  and  the  signal  as 
"smooth." 

The  section  directed  by  A.  Chrambach  has  made  progress  in  the  development  of  a 
method  for  steady-state  isoelectric  focusing  and  two-dimensional  macromolecular 
mapping.  These  workers  have  found  that  combined  use  of  Immobiline  pH  gradients 
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and  soluble  carrier  ampholytes  provides  pH-gradient  stability,  with  improved 
entry  of  proteins  into  the  gel  and  uniformity  both  of  conductance  and  the 
voltage  gradient.  The  procedure  has  now  been  streamlined  so  that  it  is  en- 
tirely practical. 

Agarose  gels  and  highly  crossl inked  polyacrylamide  gels  have  been  applied  to 
the  fractionation  and  size-charge  characterization  of  viruses.  The  "Ferguson 
plots"  of  log(mobility)  versus  gel  concentration  are  nonlinear  and  complex: 
Mathematical  modelling  has  been  used  to  derive  the  apparent  properties  of  the 
gel,  and  to  permit  reliable  estimation  of  particle  size  (radius)  and  free 
mobility.  In  addition,  slope  changes  in  the  Ferguson  plot  were  used  as  a  meas- 
ure of  the  malleability  of  the  particle.  Analysis  of  the  physical  properties 
of  viruses  and  cellular  organelles  was  based,  for  the  first  time,  on  commer- 
cially available  standards  (polystyrene  microspheres  with  diameters  determined 
by  electron  microscopy),  by  which  the  pore  size  and  other  properties  of  the 
gels  were  calibrated. 

Several  of  the  practical  applications  of  Chrambach' s  approach  to  macromolecular 
analysis  achieved  during  the  past  year  follow:  Using  agarose  gel-electro- 
phoresis,  this  group  determined  the  particle  size  of  covalently  linked  pro- 
tein-polysaccharide  conjugates  (e.g.,  meningococcus)  to  be  used  as  experimental 
vaccines  (see  description  of  work  in  the  LDMI).  These  physical  measurements 
will  be  important  if  they  correlate  with  the  degree  of  immunogenicity  of  these 
preparations,  to  be  employed  in  the  prevention  of  invasive  bacterial  infections 
in  children.  In  another  study,  Chrambach  and  his  colleagues  demonstrated  the 
applicability  of  quantitative  agarose  gel-electrophoresis  to  the  analysis  of 
sub-cellular  particles — here,  clathrin-coated  vesicles  from  brain  and  liver. 
The  method  appears  promising  for  analytical  and  preparative  studies  on  vesicles 
involved  in  metabolite  traffic  across  cell  membranes  in  general.  During  the 
past  year  also,  Chrambach  and  his  colleagues  employed  quantitative  poly- 
acrylamide gel-electrophoresis  and  isoelectric  focussing  to  demonstrate  that  in 
hypertensive  disease,  wherein  inactive  renin  accumulates  in  the  circulation, 
the  block  responsible  is  at  the  level  of  the  enzymatic  cleavage  of  prorenin  to 
renin.  It  may  be  possible  to  target  this  block  for  pharmacologic  intervention. 
Further,  Chrambach1 s  group,  using  PAGE  with  glutaraldehyde  crosslinking  of  the 
peptides  prior  to  staining,  was  able  to  separate  angiotensin  I,  II,  and  III. 

The  separability  of  these  three  peptides  demonstrates  applicability  of  the 
method  to  peptide  separation  and  isolation  in  general.  Chrambach' s  work  on  the 
theoretical  analysis  of  isoelectric  focusing,  using  multiple  buffer  constitu- 
ents, has  led  to  a  substantial  advance  for  all  studies  which  rely  on  iso- 
electric focusing,  and  in  particular,  the  widely  applied  practice  of 
two-dimensional  macromolecular  mapping  which  aims  at  the  detection  of  minor 
component  changes  (characteristic  of  developmental  changes)  against  the  back- 
ground of  a  constant  multi-component  pattern.  Finally,  Chrambach  and  his 
colleagues  have  been  pursuing  the  development  of  a  rapid,  continuous  electro- 
phoresis apparatus  that  would  allow  physical  characterization  of  each  species 
in  a  complex  mixture,  thus  permitting  the  multi-component  analysis  of  biologi- 
cal fluids  in  clinical  samples,  as  well  as  industrial  quality  control.  During 
the  past  year,  Chrambach' s  group  found  that  non-crossl inked  liquid  polyacryl- 
amide possesses  a  sieving  capacity  similar  to  that  of  crossl inked  gels;  with 
this  finding,  the  capillary  apparatus  becomes  applicable  to  molecular  and 
particle  sieving,  with  optical  analysis  and  on-line  computer  evaluation  of 
migration  rates.  Redesign  of  the  capillary  apparatus  has  permitted  very  rapid 
size  and  net  charge  estimates  for  each  component. 
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The  group  led  by  A.  Yergey  has  made  several  important  advances  In  the  applica- 
tion of  liquid-chromatography-thermospray  mass  spectrometry  (LC-MS)  to  conH 
pounds  of  biochemical  and  clinical  interest.  New  methods  have  been  developed 
for  measurement  of  deuterated  glucose  and  Cortisol  in  human  plasma,  and  are  now 
being  applied  to  clinical  investigation  of  the  role  of  Cortisol  metabolism  in 
normal  puberty,  as  well  as  to  biochemical  analysis  of  the  pathophysiology  of 
various  inborn  errors  of  metabolism  (e.g.,  glycogen  storage  diseases).  Studies 
of  metabolism  of  stable  isotopes  of  calcium  in  neonates  (to  examine  the  role  of 
vitamin  D  supplements),  in  pregnancy,  lactation  and  in  disorders  with  ectopic 
calcification  are  continuing  with  collaborators  at  NIH  and  throughout  the 
country.  LC-MS  has  now  been  applied  to  a  host  of  compounds,  including  the 
carnitine  derivatives  important  in  fatty  acid  and  drug  metabolism,  studies  of 
glucuronide  derivatives  of  drugs,  and  a  novel  1-amino  acid  (hypusine).  Pilot 
studies  have  indicated  the  feasibility  of  new  approaches  to  characterization  of 
oligo-  and  small  polypeptides,  and  these  methods  are  now  being  applied  to 
growth  factors  derived  from  neoplasms. 

As  noted  above,  one  principle  objective  of  Yergey' s  work  is  to  employ  mass 
spectrometry  to  elucidate  the  kinetics  of  calcium  metabolism  in  normal  children 
and  adults  as  well  as  to  evaluate  disease-related  changes  in  this  metabolism. 
Stable  isotopes  make  such  studies  possible  in  children  and  in  women  of  child- 
bearing  age,  studies  that  are  not  possible  with  radioactive  calcium  tracers; 
stable  tracers  also  permit  repeated  measurements.  Yergey  and  his  colleagues 
employ  thermal  ionization-isotope  ratio-mass  spectrometry  together  with  a 
quadrupole  mass  filter  in  order  to  measure  tracer  enrichments  in  serum,  urine, 
etc.  The  isotope  ratio  measurements  are  analyzed  with  a  multi-compartmental 
mathematical  model.  Two  stable  isotopic  tracers,  one  given  i.v.  and  the  other 
orally,  are  used  which  permit  studies  on  absorption  as  well  as  excretion. 
During  the  past  year,  Yergey  has  refined  the  instrumentation  such  that  he  can 
now  detect  a  2%  change  in  the  natural  ratio  of  ^3ca/^°Ca.  Population  statistics 
have  been  obtained  in  a  group  of  normal  children  for  the  mean  residence  time  of 
calcium  in  plasma  (11.1  ±  2.5  hrs)  and  the  fraction  of  calcium  absorbed  from 
the  diet.  These  studies  have  now  been  extended  to  pregnancy  and  lactation. 

Another  objective  of  Yergey' s  group  is  to  develop  and  apply  new  methods  for 
analysis  of  biological  materials  that  require  mass  spectrometric  analysis,  but 
which  have  not  previously  been  amenable  to  such  analysis  by  reason  of 
volatility,  thermal  lability,  or  charge  state.  The  basic  approach  involves  a 
direct  interface  of  high  performance  liquid  chromatography  effluent  with  the 
mass  spectrometer  source.  Ions  are  desorbed  directly  from  vapor  droplets  that 
are  heated  rapidly  during  passage  from  the  HPLC  capillary  through  the  ion 
source  by  a  mechanism  that  resembles  other  desorption  techniques.  Thermospray 
LC/MS  has  the  important  advantage  over  other  methods  because  of  a)  a  chrom- 
atographic inlet,  b)  applicability  to  analysis  of  mixtures,  and  c)  simplicity 
of  sample  preparation.  Recent  applications  include  the  identification  of  novel 
fatty  acid  conjugates  of  carnitine  in  patients  with  Reye's  syndrome,  organic 
acidurias  and  valproic  acid  toxicity;  the  separation  and  quantitation  of 
Cortisol  in  human  plasma; -and  the  separation  and  quantitation  of  glucose  as  an 
aspect  of  turnover  studies  in  glycogen  storage  disease. 

Within  the  past  year,  methods  have  been  further  improved  for  the  analysis  of 
Cortisol,  its  metabolites  and  biosynthetic  precursors,  as  well  as  testosterone, 
vitamin  D,  glucose,  fructose,  sorbitol,  and  acetylcholine.  These  methods  have 
been  applied  clinically  to  the  further  study  of  glycogen  storage  diseases, 
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Cushings'  syndrome,  and  hormonal  changes  during  puberty.  A  new  metabolite  of 
Cortisol,  1 1-hydroxyandrostenediol ,  has  been  discovered.  This  steroid  is 
produced  by  an  enzyme  found  in  erythrocytes,  and  may  be  responsible  for  a 
variant  of  Cushings'  syndrome  that  occurs  in  the  presence  of  normal  levels  of 
Cortisol.  A  new  method  for  measurement  of  gastrointestinal  calcium  adsorption 
in  the  human  neonate  has  also  been  developed,  and  is  being  applied  to  the 
evaluation  of  the  optimal  levels  of  vitamin  D  in  the  nutrition  of  premature 
infants. 

In  summary,  the  LTPB  has  had  an  extremely  productive  year,  with  its  wide  rang- 
ing multidisciplinary  program  for  the  development  of  new  strategies,  biochemi- 
cal methods,  and  computer  programs  to  permit  improved  analysis  of 
ligand-receptor  systems;  for  purification  and  characterization  of  protein  and 
polypeptide  hormones;  for  studies  on  the  metabolism  of  metals  and  organic 
compounds  in  man  and  in  vitro;  and  for  more  effective  utilization  and  interpre- 
tation of  laboratory  and  clinical  data. 
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Human  Genetics  Branch — 

Michael  A.  Zasloff,  M.D.,  Ph.D.,  Chief 

This  Branch  carries  out  research  to  elucidate  the  pathophysiology  of  human 
genetic  and  developmental  disorders  through  an  understanding  of  basic  biologi- 
cal mechanisms.  Clinical  research  projects  include  studies  on  the  natural 
history,  treatment,  and  methods  of  diagnosis  of  several  heritable  disorders  of 
man. 

During  the  past  year,  work  in  the  section  directed  by  M.  Zasloff  has  concen- 
trated on  several  problems:  The  mechanism  of  processing  of  eukaryotic  RNAs; 
the  basic  cellular  mechanism  involved  in  the  transport  of  RNA  from  nucleus  to 
cytoplasm;  and  the  expression  of  ALU  sequences  in  eukaryotes.  Clinical  re- 
search in  the  Section  has  focused  on  the  mechanisms  of  bone  formation  in  man, 
especially  as  these  mechanisms  relate  to  the  pathophysiology  of  osteogenesis 
imperfecta  and  f ibrodysplasia  ossificans  progressiva;  the  expression  of  human 
collagen  genes;  and  the  structure  of  the  bone-specific  alkaline  phosphatase 
gene. 

Over  the  past  several  years,  this  group  has  studied  the  pathway  of  expression 
leading  to  biosynthesis  of  the  tRNAl]iet  molecule  in  human  cells.  These  studies 
have  provided  insights  into  the  organization  of  the  tRNA  gene  family  in  man, 
and  the  pathways  utilized  in  delivery  of  a  mature  tRNA  into  the  cytoplasm  of 
eukaryotic  cells.  This  laboratory  had  previously  shown  that  a  naturally 
occurring  tRNA"!1  variant  exhibited  a  defective  phenotype  in  several  J_n  vitro 
systems.  The  group  demonstrated  that  the  natural  variant  gene  contained  a 
point  mutation  which  resulted  in  the  appearance  of  a  primary  gene  transcript 
that  was  inefficiently  processed.  In  addition,  through  the  use  of  micro- 
injection and  micro-dissection  methodology  in  the  X^,  laevis  oocyte  system,  the 
group  demonstrated  that  the  variant  tRNA  species  was  defective  in  its  transport 
from  the  nucleus  to  the  cytoplasm.  This  discovery  led  to  the  first  description 
of  the  mechanism  by  which  an  RNA  is  transported  from  the  nucleus  of  a  eukary- 
otic cell.  It  was  demonstrated,  in  fact,  that  tRNA  species  are  transported  by 
a  saturable  carrier-mediated  mechanism.  These  investigators  proposed  that  a 
ribosome-like  element  at  the  nuclear  envelope  was  the  actual  "motor"  utilized 
in  this  process.  To  fully  explore  the  domain  of  the  tRNA1]1  molecule  recognized 
by  the  transport  system,  thirty  point  mutations  were  generated  in  the  human 
gene  by  in  vitro  mutagenesis  utilizing  hydroxylamine.  Analysis  of  the  resul- 
tant transport  phenotypes  yielded  the  unexpected  finding  that  the  tRNA  molecule 
is  exquisitely  sensitive  to  mutation  in  its  transport  properties.  The  particu- 
larly sensitive  areas  include  the  t  and  D  loops  of  the  tRNA,  the  most  highly 
conserved  portions  of  the  species.  Another  feature  of  this  study  was  the 
demonstration  that  every  mutation  which  yields  a  tRNA  species  defective  in 
transport,  also  yields  a  pre-tRNA  species  which  is  inefficiently  processed  in 
vivo.  This  correlation  led  to  the  postulate  that  the  processing  enzymes  might 
in  some  manner  be  playing  a  role  in  tRNA  transport.  As  a  result,  the  process- 
ing nucleases  were  purified  from  eukaryotic  cells,  representing  the  first 
characterization  of  this  class  of  enzyme  in  eukaryotes.  This  group  demon- 
strated that  two  enzymes,  both  endonucl eases ,  process  the  primary  transcript  of 
the  human  tRNA™et  gene  to  a  mature  species.  The  first  reaction  involves  cleav- 
age of  the  5'  leader;  the  second,  cleavage  of  the  31  trailer.  Two  enzymes  have 
been  purified  from  X^  laevis  oocytes  and  KB  cells.  The  enzyme  which  processes 
the  3'  trailer  is  a  simple  polypeptide  of  about  97,000.   Its  most  striking 
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feature  is  that  it  will  only  cut  the  5'  processed  primary  transcript,  estab- 
lishing a  cutting  order  within  the  pathway.  The  first  cutting  activity  is  that 
of  the  5'  nuclease.  This  enzyme  has  been  purified  to  homogeneity  and  appears 
to  be  one  of  the  most  complex  enzymes  yet  described  in  animal  cells.  It  is 
composed  of  at  least  14  different  polypeptides  ranging  in  MW  from  20,000  to 
32,000.  It  has  the  shape  of  a  cylinder,  composed  of  a  stack  of  4  rings.  The 
entire  structure  appears  to  be  necessary  for  tRNA  processing.  The  precise 
relationship  between  its  structure  and  enzymatic  activity  is  under  study.  It 
is  noteworthy  that  while  this  particle  has  been  described  in  the  literature 
over  the  past  15  years  (having  been  isolated  from  organisms  ranging  from 
Drosophila  to  man),  its  function  remained  a  mystery  until  this  current  work. 
The  relationship  between  this  particle  and  tRNA  transport  remains  to  be  ascer- 
tained. 

Work  was  begun  this  year  to  define  the  mechanism  of  mRNA  nuclear  transport,  a 
fundamental  eukaryotic  process  about  which  virtually  no  solid  information 
exists.  The  system  utilized  has  been  the  X^  laevis  oocyte,  with  the  mRNA  being 
the  Herpes  TK  gene  transcript.  This  product  is  efficiently  synthesized  and 
functional  enzyme  can  be  assayed  within  several  hours  of  gene  microinjection, a 
demonstration  of  the  integrity  of  the  entire  expression  pathway  for  this  gene 
in  the  )L_  laevis  oocyte.  These  workers  developed  new  methodology  to  study  mRNA 
translocation  and  have  defined  the  intracellular  distribution  of  RNA  following 
gene  transfer.  The  most  striking  finding  is  that  mRNA  remains  intranuclear  for 
about  90  minutes,  at  which  time  all  RNA  transcribed  from  the  TK  gene  is  sud- 
denly and  quite  efficiently  transported.  Virtually  no  steady  state  levels  of 
TK  sequence  accumulate  in  the  nucleus  after  90  min.  The  question  to  be  an- 
swered next  involved  those  structural  features  of  a  eukaryotic  mRNA  which 
perturb  movement  between  compartments.  The  role  of  translation  punctuation 
signals  in  mRNA  movement  will  be  explored  utilizing  appropriate  _in  vitro 
constructs. 

M.  Zasloff  and  S.  Adenyi-Jones  have  continued  their  study  of  the  Alu  sequence 
family.  These  sequences  comprise  around  3~6%  of  the  vertebrate  genome,  present 
in  about  300,000  copies.  These  investigators  have  demonstrated  that  one  such 
sequence,  the  murine  E1  sequence,  is  processed  and  transported  from  nucleus  to 
cytoplasm.  The  particular  sequence  studied  lies  antisense  to  a  murine  gene 
encoding  alpha-f etoprotein  (AFP).  The  processing  reaction  involving  the  Alu 
primary  transcript  appears  to  be  endonucleolytic,  releasing  the  3'  trailer.  The 
"core"  Alu  RNA  generated  is  transported  upon  processing  into  the  cytoplasm. 
This  group  has  shown  that  this  species  is  present  in  highest  abundance  in 
murine  fetal  liver,  the  tissue  in  which  AFP  is  most  actively  expressed.  This 
result  was  unexpected  since  current  notions  would  assign  an  inhibitory  role  to 
this  natural  antisense  RNA.  The  Alu  sequence  RNA,  in  addition,  was  shown  to  be 
associated  with  a  specific  polypeptide  of  about  63,000  MW,  a  polypeptide  iden- 
tified through  the  use  of  an  autoimmune  antiserum  from  a  patient  with  lupus. 
This  polypeptide  appeared  to  be  associated  with  the  primary  transcript  of  the 
Alu  sequence  in  its  nuclear  phase,  and  remained  associated  after  processing  and 
transport  to  the  cytoplasm.  The  affinity-purified  antibody  further  identified 
a  protein  of  similar  size  in  KB  cells.  Associated  with  this  polypeptide  in  the 
human  cells  was  a  small  RNA  of  about  80  nt.  It  may  be  that  this  RNA  represents 
the  human  analogue  of  the  E1  Alu  family.  The  results  suggest  that  despite 
nucleic  acid  sequence  divergence,  the  Alu  sequence  may  be  functionally  con- 
served between  vertebrates.  Its  role  in  gene  expression  is  under  study  in 
several  systems. 
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In  clinically-related  studies,  the  pathophysiology  of  hypophosphatasia  was 
investigated  at  a  molecular  genetic  level.  The  initial  approach  has  been  to 
isolate  the  cDNA  and  gene  encoding  human  bone-specific  alkaline  phosphatase 
(AP).  Consequently,  the  human  enzyme  was  purified  to  homogeneity  from  liver, 
and  partial  sequence  information  obtained.  Appropriate  synthetic  oligonucleo- 
tides were  generated,  and  cDNA  libraries  are  of  being  screened  for  potential  AP 
clones.  With  these  probes  at  hand,  the  basic  defect  in  this  disorder  of  ossi- 
fication can  be  explored. 

Studies  on  the  pathophysiology  of  osteogenesis  imperfecta  (01)  by  J.  Marini 
continue.  After  considerable  effort,  the  transcription  units  for  alpha-2  type 
I  collagen  were  determined  in  skin  fibroblasts  and  in  osteoblasts  of  avian  and 
human  origin.  In  both  cases,  the  mRNAs  do  not  undergo  alternative  splicing  or 
variations  in  promotor  usage  in  bone  as  compared  with  skin  fibroblastic  cells. 
This  result  suggests  that  other  mechanisms  must  operate  to  explain  the  consid- 
erably greater  abundance  of  collagen-specific  mRNA  in  the  osteoblast,  including 
tissue-specific  enhancers,  3'  splicing  alternatives,  or  differential  stability. 

To  pursue  the  pathophysiology  of  01,  techniques  for  identification  of  a 
mutation  in  the  collagen  polypeptide  genes  were  employed.  These  included 
mRNA/DNA  mismatch  detection,  polypeptide  synthesis  in  culture,  thermal  stabil- 
ity of  secreted  procollagen,  and  restriction  length  polymorphism.  It  is  ex- 
pected that  as  mutations  are  identified,  they  will  be  used  to  extend  our 
understanding  of  the  role  of  collagen  structure  in  bone  development. 

In  another  01  study,  attempts  were  made  to  determine  if  a  defect  in  the  known 
growth-promoting  hormones  is  correlated  with  growth  failure  in  this  disorder. 
It  appears  that  growth  failure  is  seen  variably  in  affected  individuals,  unre- 
lated to  the  severity  of  bone  fragility.  The  current  studies  involve  evalua- 
tion of  growth  hormone  (GH)  secretion  as  well  as  IGF -I  and  IGF-II  levels,  both 
in  the  steady  state  and  provoked.  Initial  studies  suggest  that  children  with 
severe  01  may  have  extremely  low  levels  of  circulating  IGF-I,  suggesting  a  role 
for  this  hormone  in  the  process.  The  apparent  decrease  in  GH  secretion  in  some 
affected  patients  has  prompted  the  use  of  clonidine  as  a  stimulant  of 
endogenous  secretion. 

Fibrodysplasia  ossificans  progressiva  (FOP)  is  a  rare  inherited  disorder  of 
heterotopic  ossification  characterized  by  relentless  appearance  of  mature 
enchondral  bone  within  and  around  skeletal  muscle.  With  respect  to  patho- 
physiology, it  was  demonstrated  this  past  year  that  all  patients  with  FOP 
possess  a  circulating  prostanoid  which  cross-reacts  with  PGE2  by  radioim- 
munoassay. This  prostanoid  appears  to  be  present  in  patients1  plasma  at  be- 
tween 10-100  fold  higher  levels  than  in  unaffected  individuals.  The  exact 
nature  of  the  compound  is  being  determined  at  the  present  time  through  mass 
spectroscopic  analysis.  It  may  represent  a  stable,  well  described  metabolite. 
If  so,  these  results  suggest  that  prostanoid  synthesis  in  FOP  patients  is 
markedly  accelerated.  However,  if  the  compound  represents  a  new  prostanoid, 
its  structure  may  suggest  that  it  is  a  bone  inducer.  Studies  of  one  patient 
with  active  bone  formation  have  revealed  that  this  prostanoid  is  not  secreted 
by  the  bone  lesion  itself. 
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Finally,  this  group  identified  a  new  disorder  of  heterotopic  ossification  in 
children  during  the  past  year.  It  appears  to  represent  a  disorder  of  dermal 
differentiation,  and  follows  a  dramatically  different  natural  history  than  FOP. 

The  section  headed  by  J.  Sidbury  continues  its  studies  on  the  treatment  of  the 
glycogen  storage  diseases,  mineral  metabolism  in  man,  and  the  pathophysiology 
and  treatment  of  various  forms  of  childhood  obesity.  They  have  shown  that 
glycogen  storage  disorders  can  be  effectively  treated  by  oral  administration  of 
cornstarch,  an  easy  approach  which  yields  predictable  blood  glucose  levels  with 
little  fluctuation,  replacing  the  complex  and  often  fatal  treatments  previously 
attempted  in  these  diseases.  The  group  continues  to  study  means  of  optimizing 
therapy,  including  a  study  of  the  therapeutic  efficacy  of  several  different 
naturally  occurring  vegetable  starches.  With  rare  exceptions,  corn  starch  was 
found  to  be  the  most  effective  therapy  in  terms  of  sustaining  a  normal  blood 
glucose  level  over  a  6-hour  period  in  patients  with  glucose-6-phosphatase 
deficiency.  Studies  have  been  undertaken  to  determine  if  the  serum  amylase  can 
be  used  to  detect  heterogeneity,  and  to  learn  whether  very  young  children  (<4) 
have  sufficient  pancreatic  amylase  to  be  candidates  for  starch  therapy. 

The  liver  glucose  production  rates  have  been  determined  in  four  patients  with 
type  I  glycogen  storage  disease  and  in  one  with  type  III,  verifying  the  produc- 
tion of  glucose  by  individuals  with  deficient  glucose  6-phosphatase  activity. 
The  rate  of  production  in  those  with  total  absence  of  activity  can  be  distin- 
guished from  those  with  partial  deficiency. 

In  studies  on  morbid  obesity,  Sidbury  et  al .  made  an  assessment  of  the  poten- 
tial efficacy  of  nalmefene,  a  widely  touted  third  generation  compound,  in  the 
control  of  appetite  in  the  Prader-Willi  syndrome.  The  drug  was  found  to  be 
without  effect  in  this  situation. 

Caddell  and  Sidbury  have  begun  a  study  of  the  consequences  of  magnesium  defi- 
ciency in  the  human  neonate,  with  parallel  studies  in  an  animal  model  (the 
weanling  rat  fed  varying  levels  of  dietary  magnesium).  One  hypothesis  suggests 
that  magnesium  deficiency  could  be  linked  to  the  "Sudden  Infant  Death"  syn- 
drome, and  Caddell' s  investigation  includes  a  retrospective  analysis  of  data 
from  200  premature  neonates  with  apnea  neonatorum  to  learn  whether  magnesium 
supplementation  is  beneficial.  Using  the  weanling  rat  as  a  model,  studies  have 
also  been  concerned  with  catecholamine  release  in  magnesium  deficiency,  the 
interaction  of  magnesium  and  calcium  in  f urosemide-treated  rats,  and  light  and 
electron  microscopic  studies  of  the  heart  and  lung  in  acute  magnesium  defi- 
ciency. 

A  study  of  infants  with  idiopathic  apnea  neonatorum  was  completed  in  which 
these  patients  were  or  were  not  treated  with  magnesium.  Those  treated  had 
fewer  recurrences.  Mice  made  magnesium-deficient  and  subjected  to  an  audio- 
genic or  strychnine  seizure  developed  lung  pathology  similar  to  that  found  in 
hyaline  membrane  disease,  but  normal  mice  did  not  show  such  pathology. 

The  section  led  by  A.  Mukherjee  conducts  research  to  understand  (1)  the  physio- 
logical role  and  genetic  regulation  of  endogenous  phospholipase  A2  inhibitory 
proteins  such  as  uteroglobin  and  lipocortins,  and  (2)  the  mechanism  of  intra- 
uterine growth  retardation  and  the  genetic  predisposing  factors  in  Fetal  Alco- 
hol syndrome  (FAS). 
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During  the  past  year,  these  workers  demonstrated  that  uteroglobin  (Utg) ,  a 
steroid-dependent,  low  molecular  weight  secretory  protein  in  the  rabbit,  is  a 
potent  inhibitor  of  phospholipase  A2  (PLA2)  activity.  Utg  has  been  found  to 
inhibit  PLA2  both  in  cultured  cells  as  well  as  in  a  cell-free  system.  Since 
PLA2  activity  is  required  to  generate  arachidonate,  the  substrate  for  pro- 
staglandin (PG)  synthesis,  experiments  were  carried  out  to  delineate  whether 
Utg  inhibited  cellular  prostaglandin  levels.  To  study  this  activity  and  the 
regulation  of  the  Utg  gene  expression,  cell  lines  from  all  organs  of  the  rabbit 
wherein  Utg  is  found  have  been  established  by  transformation  with  an  SV40-tsA 
mutant.  Two  such  cell  lines  derived  from  the  adult  rabbit  endometrium  (RBE-7 
and  H5DC)  ,  and  one  cell  line  derived  from  young  rabbit  endometrium  (YRE-1), 
have  so  far  been  characterized.  At  39.4°C,  when  stimulated  with  progesterone 
(10"°  M)  after  4  days  of  estradiol  (10~9  m)  priming,  an  increased  rate  of 
transcription  as  well  as  translation  of  the  Utg  gene  occurs.  These  cells,  when 
stimulated  with  estradiol  or  phorbol  ester,  were  found  to  have  a  high  PLA2 
activity  and  consequently,  a  high  level  of  prostanoids  (PGE2,  PGF2a,  6KPGF1  a, 
and  thromboxane  B2)  .  When  the  cells  were  further  treated  with  exogenous  Utg 
(20  yM),  a  78%  reduction  in  PLA2  activity  occurred  with  an  85$  inhibition  in 
prostanoid  levels  as  compared  to  control  values.  To  determine  whether 
endogenous  Utg  production  by  these  cells  would  reduce  PLA2  activity,  the 
phorbol  ester  pre-treated  cells  were  exposed  to  progesterone  (10*^  M)  for  24 
hours,  when  Utg  production  was  detected.  Significant  reduction  in  PLA2  activ- 
ity, as  well  as  lowered  prostanoid  levels  (as  measured  by  HPLC  and  RIA),  was 
observed.  This  reduction  of  PLA2  activity  and/or  prostanoid  levels  was  not 
observed  when  either  cyclohexamide ,  a  protein  synthesis  inhibitor,  or  a  mono- 
specific antibody  to  Utg  was  added  following  progesterone  treatment  of  these 
cells.  The  YRE-1  cell  line  behaved  similarly  to  RBE-7  and  H5DC  cells  when  the 
same  experiments  were  repeated.  Preliminary  in  vivo  experiments  appear  to 
confirm  the  _in  vitro  results. 

Last  year,  preliminary  results  concerning  the  detection  of  a  human  protein 
similar  to  rabbit  Utg  were  presented.  Further  experiments  have  confirmed  that 
there  is  a  low  molecular  weight  secretory  protein  present  in  the  human  trache- 
obronchial tract  as  well  as  the  endometrial  epithelium  during  the  raidluteal 
phase  of  the  cycle.  In  collaboration  with  B.  Cowan  (University  of  Mississippi) 
and  H.  Zacur  (Johns  Hopkins  Hospital),  this  group  studied  endometrial  washings 
and  endometrial  tissues  from  48  women  at  different  stages  of  the  menstrual 
cycle.  It  was  confirmed  that  the  Utg-like  protein  appears  in  the  midluteal 
phase  of  the  human  endometrium.  Additional  studies  are  now  in  progress  to 
determine  whether  there  is  any  correlation  between  the  presence  or  absence  of 
this  protein  and  habitual  abortion.  Two  human  endometrial  cell  lines  have  been 
established  using  SV40  transformation.  These  cells  are  now  being  characterized 
for  the  production  of  the  Utg-like  protein.  If  enough  protein  is  produced  by 
these  cells,  an  antibody  will  be  raised  and  production  of  a  cDNA  clone  of  the 
human  gene  will  be  attempted. 

To  delineate  the  active  site  of  the  Utg  molecule  involved  in  PLA1  inhibition, 
site-directed  mutagenesis  of  the  Utg  gene  and  its  expression  in  a  bacterial 
vector  have  been  undertaken  this  year.  These  mutated  proteins  will  be  tested 
for  PLA1  inhibiting  activity.  Studies  have  also  begun  on  the  expression  of  the 
Utg  gene  in  E^  coli .  A  full-length  cDNA  containing  the  entire  pre-Utg  coding 
region  was  obtained  from  D.  Bullock  (Baylor  College  of  Medicine),  and  from  this 
cDNA,  a  490  base  pair  Pst-I  fragment  was  prepared.  This  fragment  contains  the 
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entire  mature  coding  region,  starting  with  the  Gly-1  codon.  This  fragment  was 
subcloned  in  the  Pst-I  site  of  the  expression  vector  pKK233-3,and  the  orienta- 
tion of  the  insert  was  checked  by  restriction  digestion;  one  of  the  positive 
clones  (pLE-101)  was  tested  for  protein  expression.  In  this  expression  system, 
the  cDNA  insert  is  under  the  control  of  the  synthetic  "trc"  promotor,  which  in 
turn  is  controlled  by  the  lac  repressor  protein  when  a  lac  I Q  E.  coli  host  is 
used.  Two  different  lac  I^  hosts  were  employed,  JM-105  and  JM-109.  After 
transformation  with  pLE-101  and  colony  purification,  single  Ampr  colonies  were 
grown  in  LB-Amp  medium  up  to  0.7  0D6c0  and  induced  with  isopropyl-thiogalacto- 
pyranoside  (IPTG)  at  a  final  concentration  of  1  mM.  After  1  hour,  bacteria 
were  harvested  and  Utg  production  was  tested  by  RIA  on  aliquots  of  bacterial 
lysates.  Uninduced  controls  were  run  in  parallel.  The  level  of  Utg  production 
was  1.25  ug/gm  of  cells  for  JM-105,  and  about  5  yg/gm  of  cells  for  JM-109. 
Since  the  purpose  of  these  experiments  was  to  obtain  large  amounts  of  purified 
recombinant  Utg,  these  levels  of  expression  were  too  low.  Therefore,  two  new 
expression  systems  based  on  the  lambda-PL  promotor  will  be  tested:  pAS,  and 
pRC23.  These  vectors  contain  synthetic  strong  ribosome  binding  sites  that 
assure  efficient  translation  of  the  insert  upon  induction  by  temperature  shift. 
Moreover,  protease  deficient  (Ion")  E^  coli  strains  will  be  used  to  minimize 
protein  loss  due  to  proteolysis. 

In  Mukherje's  second  area  of  interest,  the  role  of  genetic  predisposing  factors 
is  studied  whith  respect  to  ethanol  toxicity.  During  the  past  year,  these 
workers  studied  a  transketolase  abnormality  in  cultured  fibroblasts  from  a 
diabetic  patient  who  developed  Wernicke's  encephalopathy  when  treated  with 
tolazamide,  a  hypoglycemic  agent.  Additionally,  three  diabetic  kindreds,  with- 
out any  history  of  Wernicke's  encephalopathy,  and  four  normal  controls  were 
studied.  It  was  found  that  the  patient  with  tolazamide-lnduced  Wernicke's 
encephalopathy  and  one  of  the  three  diabetic  kindreds  had  an  abnormal  Km  of  the 
transketolase  for  TPP  (thiamine  pyrophosphate)  similar  to  the  Km's  found  previ- 
ously in  post-alcoholic  Wernicke-Korsakoff  syndrome.  These  data  suggest  that 
the  transketolase  abnormality  is  prevalent  in  the  population,  and  the  individu- 
als with  this  abnormality  may  be  predisposed  to  developing  thiamine  deficiency 
syndromes  either  by  exposure  to  drugs  that  increase  thiamine  utilization  or  by 
ethanol  abuse.  To  investigate  whether  or  not  this  enzyme  abnormality  is  asso- 
ciated with  the  fetal  alcohol  syndrome  (FAS),  two  cultured  amniotic  fluid  cell 
lines  were  obtained  from  neomates  diagnosed  to  have  FAS  by  several  criteria. 
Three  control  amniotic  fluid  cell  lines  from  normal  pregnancies  were  also  in- 
vestigated. Preliminary  results  suggest  that  both  amniotic  cell  lines  from  FAS 
pregnancies  have  an  abnormal  transketolase  enzyme  as  suggested  by  the  determi- 
nation of  the  Km  of  this  enzyme  for  TPP  as  compared  to  control  values. 
Mukherjee  et  al .  will  investigate  the  cells  from  additional  FAS,  and  normal 
control  pregnancies  as  well  as  cells  derived  from  pregnancies  wherein  the 
mother  had  a  history  of  alcohol  abuse,  but  the  baby  was  unaffected.  In  a 
related  study,  this  group  has  investigated  the  transketolase  enzyme  kinetics  in 
fibroblasts  from  ten  members  representing  three  generations  of  an  Amish  family. 
The  results  show  an  autosomal  recessive  type  of  inheritance  of  the  abnormality, 
as  previously  suggested  , by  V.  McKusick. 

The  section  headed  by  William  Gahl  investigates  the  clinical  and  basic  research 
aspects  of  inborn  errors  of  metabolism  in  man.  During  the  past  year,  the  cause 
of  a  rare  lysosomal  storage  disease  was  documented.  Salla  disease,  a  Finnish 
disorder  characterized  by  psychomotor  retardation  and  lysosomal  accumulation  of 
free  sialic  acid,  was  shown  to  be  caused  by  a  deficiency  of  normal  free  sialic 
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acid  transport  across  the  lysosomal  membrane.  This  result  Identifies  Salla 
disease  as  the  second  storage  disorder  due  to  impaired  transport  of  a  small 
molecule  out  of  lysosomes,  and  sialic  acid  the  first  monosaccharide  for  which  a 
carrier-mediated  transport  system  within  the  lysosomal  membrane  has  been  de- 
scribed. Three  years  ago,  the  section  reported  that  cystinosis  was  the  first 
lysosomal  storage  disorder  due  to  a  transport  deficiency  (for  cystine);  these 
two  discoveries  have  created  a  new  field  in  the  area  of  human  metabolism,  with 
the  identification  of  similar  disorders  likely  to  follow. 

Work  by  the  section  has  employed  the  technique  of  counter-transport  to  demon- 
strate the  existence  of  a  new  lysosomal  transport  system  for  tyrosine  and  other 
neutral  amino  acids  in  cultured  rat  thyroid  cells.  The  carrier  system  resem- 
bles the  L  system  described  in  plasma  membranes.  Rat  thyroid  cells  were  also 
shown  to  possess  a  lysosomal  cystine  carrier  closely  resembling  that  of  human 
leucocyte  and  fibroblast  lysosomes.  The  rat  carrier  system  exhibited  a  half- 
life  of  approximately  24  hours  when  cells  were  cultured  in  the  presence  of  the 
protein  synthesis  inhibitor,  cycloheximide.  Total  genomic  DNA  from  the  rat 
cells  will  be  used  to  transfect  human  cystinotic  fibroblasts,  followed  by  a 
selection  technique  that  kills  the  mutant,  but  not  the  "cured"  cells. 

Cultured  fibroblasts  from  patients  with  mucolipidosis  II  (I-cell  disease), 
which  store  free  cystine  in  their  lysosomes,  were  shown  to  lack  normal  amounts 
of  lysosomal  cystine  transporting  capacity.  In  similar  experiments,  cells  from 
a  patient  with  intermediate  (late-onset)  cystinosis  exhibited  no  lysosomal 
cystine  egress,  just  as  in  nephropathic  cystinosis  cells.  However,  leucocytes 
from  a  patient  with  benign  cystinosis,  who  had  no  renal  disease  and  limited 
cystine  storage,  displayed  a  significant  amount  of  residual  lysosomal  cystine- 
carrying  capacity.  Thus,  the  severity  of  clinical  disease  in  cystinosis  may  be 
related  to  the  degree  of  residual  cystine  carrier  as  well  as  other  genetic  and 
environmental  factors. 

The  section  has  vigorously  pursued  a  putative  defect  in  glycosaminoglycan 
sulfation  in  the  Lowe  (oculocerebrorenal)  syndrome,  demonstrating  normal  syn- 
thesis and  sulfation  of  proteoglycans  in  this  X-linked  disorder  of  mental 
retardation,  congenital  cataracts,  and  renal  Fanconi  syndrome.  Both  cultured 
fibroblasts  and  muscle  cells  were  examined  in  these  studies. 

In  clinical  studies,  Gahl  et  al .  have  treated  a  large  group  of  nephropathic 
cystinosis  patients  in  the  United  States  and  Canada  (approximately  25)  with  the 
cystine-depleting  agent,  cysteamine,  for  the  past  8  years.  A  significant 
improvement  in  growth  and  a  retardation  of  renal  deterioration  have  been  appre- 
ciated. At  the  same  time,  serious  post-renal  transplant  complications  of 
cystinosis  have  been  documented,  including  diabetes  mellitus,  cerebral  atrophy 
and  calcifications,  and  ocular  abnormalities  such  as  blindness,  posterior 
synechiae  and  corneal  erosions.  These  findings  have  prompted  the  initiation  of 
cystemaine  therapy  for  post-transplant  cystinosis  patients  and  the  performance 
of  a  corneal  transplant  in  one  12-year-old  boy  with  debilitating  corneal 
erosions. 

Other  ongoing  therapeutic  trials  involve  oral  L-carnitine  repletion  for 
carnitine-def icient  patients  with  the  renal  Fanconi  syndrome,  and  betaine 
therapy  for  pyridoxine-nonresponsive  homocystinuric  patients.  In  addition,  a 
31-year-old  man  with  hypermethioninemia  was  diagnosed  as  having  hepatic 
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methionine  adenosyltransf erase  deficiency.  Prior  to  this,  the  enzyme  defi- 
ciency was  described  only  in  young  children.  Consequently,  this  individual 
adds  25  years  of  natural  history  to  our  current  knowledge  of  the  disorder  in 
man.  He  also  represents  an  example  of  the  type  of  rare  disorder  this  section 
continues  to  investigate  to  gain  insight  into  the  causes  and  effects  of  meta- 
bolic deficiencies  in  man. 

The  studies  in  the  section  led  by  Janice  Chou  concern  regulation  of  gene  ex- 
pression during  normal  and  abnormal  differentiation  processes.  In  the  past 
year,  studies  on  the  expression  of  the  alpha-f etoprotein  (AFP)  gene  in  tempera- 
ture-sensitive (ts)  fetal  liver  cells  were  continued.  It  was  demonstrated  that 
transformed  fetal  hepatocytes  synthesize  a  variant  AFP  of  65K  which  is  encoded 
by  an  mRNA  of  16S.  However,  differentiated  fetal  hepatocytes  synthesize  two 
AFPs  of  73K  and  69K,  which  are  encoded  by  an  mRNA  of  20S.  Hybridization  ex- 
periments demonstrate  that  the  two  mRNAs  differ  in  sequences  at  the  5'  end. 
Nuclease  S1  mapping  experiments  showed  that  the  16S  mRNA  lacks  the  first  six 
exons  (Z,  A,  B,  C,  D,  E)  which  are  normally  present  in  the  20S  RNA.  Since 
there  is  only  AFP  gene  per  haploid  genome  in  rat,  the  two  AFP  mRNA  species  may 
be  generated  by  the  use  of  different  promoters. 

In  studies  on  the  hormonal  regulation  of  gene  expression,  Chou  and  her  col- 
leagues found  that  glucocorticoid  hormone  is  a  potent  agent  that  induces  fetal 
maturation.  They  studied  regulation  of  expression  of  specific  fetal  and  adult 
genes  in  the  ts  fetal  hepatocyte  line  established  in  this  laboratory.  At  40°C, 
these  cells  exhibit  a  differentiated  phenotype;  glucocorticoid  hormone  sup- 
pressed expression  of  the  fetal  gene,  AFP,  but  induced  expression  of  the  TAT 
gene.  (TAT  is  an  enzyme  that  appears  only  postnatally. )  Thus,  fetal  liver 
cells  mature  into  adult  hepatocytes  in  the  presence  of  glucocorticoid  hormone. 

To  ascertain  how  closely  the  ts  hepatocyte  systems  resemble  primary  liver 
cells,  Chou's  group  studied  the  ability  of  the  adult  hepatocytes  to  express  a 
large  number  of  liver-specific  functions.  In  addition  to  expressing  genes 
encoding  AFP,  albumin,  and  transferrin,  they  found  that  these  cells  express 
genes  encoding  TAT,  phosphoenolpyruvate  carboxykinase  (PEPCK)  ,  and  fibrinogen. 
As  expected,  expression  of  these  genes  is  ts  and  expressed  mainly  at  the  non- 
permissive  temperature  of  M0°C.  At  M0°C,  these  cells  exhibit  a  normal  differ- 
entiated phenotype.  Most  importantly,  expression  of  all  of  these  genes  is 
dependent  upon  the  presence  of  glucocorticoid  hormone.  In  collaboration  with 
Dr.  G.  Yeoh  of  Western  Australia,  Chou  et  al .  studied  the  expression  of  the  TAT 
gene  in  detail.  They  found  that  transformed  hepatocytes  synthesize  low  levels 
of  TAT,  but  differentiated  cells  synthesize  greatly  increased  amounts  of  this 
enzyme.  Glucocorticoid  hormone  was  absolutely  required  to  sustain  TAT  expres- 
sion. Differentiated  hepatocytes  synthesized  no  detectable  levels  of  TAT  in  the 
absence  of  glucocorticoid.  cAMP  enhances  the  induction  by  glucocorticoid,  but 
cannot  replace  this  steroid  hormone.  TAT  synthesis  was  not  detectable  in 
differentiated  hepatocytes  in  the  presence  of  cAMP  alone.  Furthermore,  these 
workers  demonstrated  that  the  change  in  TAT  synthesis  paralleled  the  change  in 
TAT  mRNA  levels. 

Studies  on  the  expression  of  the  human  placental  alkaline  phosphatase  (PAP) 
gene  at  the  molecular  level  were  continued.  This  group  found  that  different 
PAP  mRNAs  were  expressed  in  choriocarcinoma  and  HeLa  cells  as  compared  to  human 
placenta.  Choriocarcinoma  cells  are  malignant  trophoblasts  which  produce  PAP 
eutopically,  whereas  HeLa  cells  produce  this  phosphatase  ectopically.   PAP  mRNA 
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of  placenta  migrated  as  a  2.7-kb  band,  whereas  PAP  mRNAs  from  choriocarcinoma 
and  HeLa  cells  migrated  as  2.4-kb  and  2.6-kb  bands,  respectively.  Sodium 
butyrate  induced  the  biosynthesis  of  PAP  and  increased  the  PAP  mRNA  levels  in 
both  types  of  cells.  HeLA  PAP  synthesis  was  induced  also  by  prednisolone.  The 
apparent  molecular  weight  of  the  PAP  monomer  in  both  types  of  cells,  in  the 
presence  or  absence  of  inducers,  was  similar.  In  choriocarcinoma  cells,  sodium 
butyrate  increased  the  levels  of  the  2.4-kb  PAP  mRNA.  However,  in  HeLa  cells, 
prednisolone  induced  the  expression  of  the  2.7-kb  PAP  mRNA,  whereas  butyrate 
induced  the  expression  of  two  mRNAs  for  PAP,  the  2.7-kb  band  and  a  fast  migrat- 
ing band  at  2.5-kb.  Analysis  of  the  mRNA  and  genomic  structure  of  PAP  should 
yield  information  as  to  its  polymorphism. 

Studies  on  the  expression  of  the  pregnancy-specific  (^glycoprotein  (PS&-G)  gene 
at  the  molecular  level  have  been  extended  over  the  past  year.  Genes  encoding 
PSB-G  were  cloned.  Efficient  isolation  of  these  genes  was  accomplished  by 
probing  a  phage  lambda  gt11  expression  library  with  antibodies  to  PSB-G.  The 
identity  of  the  cDNA  clones  was  confirmed  by  comparing  the  predicted  amino  acid 
sequences  to  sequences  determined  from  fragments  of  placental  PSB-G.  These 
probes  will  be  used  to  examine  molecular  mechanisms  regulating  PSB-G  synthesis 
in  placental  cells  and  in  fibroblasts. 
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Cell  Biology  and  Metabolism  Branch — 
Richard  D.  Klausner,  M.D.,  Chief 

The  structure  and  organization  of  the  Cell  Biology  and  Metabolism  Branch  became 
more  defined  in  this  first  full  year  of  operation,  and  a  large  addition  to 
Building  18  was  completed,  providing  new  laboratory  space,  equipment  space, 
autoclave  room  and  small  animal  holding  room. 

Research  in  this  Branch  is  directed  toward  clarifying  developmental  aspects  of 
intracellular  structure  and  function.  Various  methods  are  being  utilized  to 
study  receptor  biosynthesis,  dynamics,  regulation,  and  degradation,  using  the 
human  transferrin  receptor,  the  T-cell  antigen  receptor,  and  the  interleukin-2 
receptor  as  models.  (Receptors  are  a  complex  set  of  molecules  that  mediate 
virtually  all  aspects  of  interactions  between  the  cell  and  its  environment. 
They  mediate  cell-cell  communication  via  hormones  and  neurotransmitters,  inva- 
sion by  viruses,  uptake  of  nutrients,  regulation  of  growth  and  differentiation, 
and  recognition  of  specific  molecules.)  The  Branch  also  conducts  clinical 
research  on  the  fundamental  mechanisms  and  treatment  of  patients  with  genetic 
disorders  of  iron  metabolism  (hemochromatosis)  to  learn  how  the  intracellular 
traffic  of  iron  is  normally  controlled,  and  at  what  level  iron  metabolism  is 
abnormally  regulated  in  such  patients.  In  another  area  of  interest,  the  Branch 
examines  mechanisms  by  which  intracellular  architecture  is  maintained,  provid- 
ing the  basis  for  the  function  and  dynamics  of  cellular  organelles. 

Structure  and  Function  of  the  T  Cell  Antigen  Receptor 

This  work,  led  by  R.  Klausner,  is  focused  on  receptor  structure,  biochemistry 
of  receptor  activation,  receptor  function  in  immune  disease,  and  receptor 
assembly.  The  description  of  the  T  cell  antigen  receptor  complex  has  been 
extended  with  the  recognition  of  a  seventh  protein.  Previously  this  group  had 
described  and  characterized  six  different  proteins  which,  because  one  is  a 
homodimer,  form  a  complex  of  seven  peptide  chains.  Each  was  purified  and 
polyclonal  antibodies  were  raised  against  all  chains.  The  recently  published 
nucleotide  sequence  of  a  murine  cDNA  clone  homologous  to  the  human  T2  delta 
chain  was  used  to  design  synthetic  peptides  which  were  then  utilized  to  raise 
an  extremely  specific  anti-murine  6  chain  antiserum.  These  immunological  tools 
have  made  feasible  studies  on  the  biosynthesis,  assembly,  degradation,  distri- 
bution and  biochemistry  of  the  receptor  in  any  T  cell,  and  alleviated  the 
previous  constraint  of  having  to  utilize  only  those  T  cell  clones  or  hybridomas 
for  which  anti-clonotypic  antibodies  were  available.  In  addition,  cross- 
reactivity  between  human  and  murine  chains  permitted  the  group  to  assign  cor- 
rect homologies.  This  latter  approach  allowed  the  group  to  identify  the  gp26 
glycoprotein  as  the  6  chain  of  the  murine  complex.  The  development  of  anti-£ 
chain  antibodies  allowed  the  identification  of  the  human  homologue  of  this 
receptor  component,  following  upon  the  original  discovery  of  this  chain  in  this 
laboratory. 

Studies  on  the  biochemistry  of  T  cell  antigen  receptor  activation  progressed 
dramatically  over  the  past  year.  These  workers  recognized  that  antigens  and 
mitogens  induce  the  simultaneous  activation  of  two  distinct  phosphorylation 
pathways.  One  involves  the  activation  of  protein  kinase  C  via  the  enhanced 
metabolism  of  phosphorylated  phosphatidyl  inositols.  This  leads  to  the  serine 
phosphorylation  of  the  Y  chain  of  the  complex.  In  addition,  a  previously 
unrecognized  component  of  the  complex  is  phosphorylated  on  tyrosine.   This 
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chain  is  a  21  kd  endoglycosaminidase  F-resistant  'protein  (p21 ) ,  with  a  more 
acidic  pi  than  the  Y  chain,  that  exists  in  the  complex  as  a  disulf ide-linked 
dimer.  (It  is  still  unclear  whether  it  is  a  homo-or  heterodimer . )  The  finding 
of  a  tyrosine  kinase  coupled  to  the  T  cell  antigen  receptor  places  this 
receptor  in  that  small  group  of  cellular  receptors  involved  in  growth  and 
differentiation,  all  of  which  are  coupled  to  tyrosine  phosphorylation  events. 
Both  the  tyrosine  and  serine  phosphorylations  represent  true  de  novo  addition 
of  phosphates  and  not  phosphate  exchange.  Although  both  phosphorylation  path- 
ways are  activated  upon  ligand  binding,  the  tyrosine  phosphorylation  does  not 
require  the  presence  of  protein  kinase  C.  Cyclic  AMP  has  long  been  known  to 
block  the  immune  response.  Klausner  et  al .  have  demonstrated  that  cAMP  un- 
couples the  receptor  from  both  phosphorylation  pathways.  Protein  kinase  C 
antagonizes  the  effects  of  cAMP  on  tyrosine  phosphorylation  but  not  phospha- 
tidyl inositol  metabolism,  thus  further  complicating  our  understanding  of  the 
interactions  between  these  kinases  in  the  activation  of  this  receptor.  These 
workers  recently  succeeded  in  reconstituting  tyrosine  phosphorylation  of  the 
receptor  in  isolated  membranes.  This  promises  to  allow  them  further  to  charac- 
terize and  dissect  the  biochemical  events  observed  in  intact  cells.  The  impli- 
cation of  a  phosphatidyl  inositol  kinase  in  the  coupling  of  this  receptor  to 
the  activation  of  protein  kinase  C  led  the  group  to  attempt  to  characterize  and 
purify  this  important  cellular  enzyme.  The  characterization  of  the  enzyme  has 
been  extensive,  and  much  progress  has  been  made  on  its  complete  purification. 
Currently,  the  enzyme  is  1000-2000  fold  purified. 

Characterization  of  the  phosphorylation  events  in  cloned  T  cells  or  antigen- 
specific  T  cell  hybridomas  has  been  extended  to  normal  T  cells,  including  human 
T  lymphocytes.  In  addition,  two  genetically  distinct  but  clinically  identical 
autoimmune/lymphoprolif erative  diseases  of  mice  have  been  studied.  (These 
provide  useful  models  for  human  autoimmune  diseases.)  Because  of  the  central 
role  of  the  T  cell  antigen  receptor  in  T  cell  activation,  the  possibility  that 
these  animals  have  abnormal  receptors  was  tested.  Both  of  these  diseases 
display  the  same  unusual  features  of  receptor  activation:  1)  p21  is  spontane- 
ously phosphorylated  on  tyrosine  even  in  the  absence  of  any  added  ligand;  2) 
this  takes  place  in  the  absence  of  any  detectable  serine  phosphorylation;  and 
3)  mitogen  fails  to  activate  these  receptors.  These  results  offer  us  the  first 
clue  as  to  possible  biochemical  lesions  responsible  for  autoimmune  diseases. 

The  question  of  how  the  cell  assembles  a  7-9  chain  membrane  complex  with  a 
predictable  and  unique  stoichiometry  is  a  fundamental  one  in  cell  biology.  This 
question  has  been  addressed  by  examining  the  kinetics  and  pattern  of  assembly 
of  the  T  cell  antigen  receptor  after  its  biosynthesis.  Assembly  occurs  rapidly 
after  biosynthesis,  and  some  of  the  chains  are  synthesized  in  great  excess, 
with  95-98?  of  the  newly  synthesized  molecules  being  degraded  with  a  half-life 
of  about  30  minutes.  Only  completely  assembled  chains  survive  with  a  half-life 
of  between  12  and  20  hours.  The  degradation  of  unassembled  or  incompletely 
assembled  chains  appears  to  occur  in  lysosomes.  This  has  suggested  a  general 
model  of  assembly  whereby  the  state  of  assembly  (or  lack  thereof)  determines 
the  intracellular  routing  of  integral  membrane  proteins. 

Interleukin-2  Receptor;  Structure,  Function  and  Regulation 

W.  J.  Leonard's  group  is  studying  the  interleukin-2  (IL-2)  receptor  which  is 
responsible  for  the  proliferation  of  T  cells  during  the  immune  response.  Under- 
standing how  its  expression  is  regulated  and  how  this  receptor  functions  are 
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central  problems  in  immunology.  In  addition,  the  IL-2  receptor  has  been  impli- 
cated in  the  abnormal  proliferation  of  leukemic  T  cells.  The  work  of  this 
group  can  be  divided  into  two  areas:  Transcriptional  control  elements,  and 
structure  of  the  high  affinity  receptor.  The  regulatory  regions  located  5'  to 
the  structural  gene  that  encodes  this  receptor  have  been  cloned  and  partially 
characterized.  When  constructs  consisting  of  these  flanking  regions  are  fused 
to  the  structural  gene  for  bacterial  chloramphenicol  acetyl  transferase,  sev- 
eral important  conclusions  are  apparent.  First,  the  regulatory  sequences  of 
this  gene  are  highly  sensitive  to  one  or  more  gene  products  of  the  human  T  cell 
lymphocytotropic  I  virus  (HTLV-I)  and  expression  of  the  hybrid  genes  is  much 
greater  in  HTLV-I  infected  cells.  (This  virus  is  the  cause  of  adult  T-cell 
leukemia.)  The  hybrid  genes  are  responsive  to  treatment  of  the  host  cells  with 
phorbol  diesters  (tumor  promotors)  when  the  genes  are  introduced  in  JURKAT 
cells.  This  cell  is  not  infected  with  HTLV-I,  and  the  expression  of  its  IL-2 
receptor  is  dependent  upon  treatment  with  phorbol  esters.  Finally,  in  HTLV-I 
infected  cells  a  dramatic  rise  in  expression  of  the  hybrid  genes  is  seen  when  a 
far  upstream  5'  flanking  region  is  removed.  This  strongly  points  to  a  negative 
regulatory  element  within  this  gene.  Once  interesting  regulatory  sequences  are 
identified,  the  next  step  will  be  the  identification  of  specific  binding  pro- 
teins that  interact  with  these  sequences.  Preliminary  progress  has  been  made 
in  this  effort,  with  the  identification  of  proteins  which  bind  to  specific 
regions  of  the  5'  end  of  this  gene. 

How  the  IL-2  receptor  functions  remains  a  mystery.  The  nature  of  the  signals 
generated  by  the  binding  of  the  ligand  to  the  receptor  are,  as  yet,  undefined. 
One  clue  involves  the  observation  that  there  are  two  classes  of  IL-2  receptors 
as  defined  by  ligand  binding.  One  class,  representing  90-95?  of  all  binding 
sites,  displays  affinities  in  the  nanomolar  range,  while  the  rest  display 
binding  affinities  in  the  picomolar  range.  The  minority  high  affinity 
receptors  are  entirely  responsible  for  both  the  endocytosis  and  activity  of  the 
ligand.  Thus  a  critical  question  is  what  defines  the  biochemistry  of  this  high 
affinity  receptor.  Studies  using  covalent  cross  linking  of  radiolabeled  IL-2  to 
intact  cells  have  begun  to  illuminate  this  problem.  When  IL-2  was  bound  to  T 
cells  under  high  affinity  conditions  and  cross-linked,  it  was  shown  to  interact 
with  two  proteins  -  the  known  55  kilodalton  receptor  chain,  and  a  previously 
unidentified  70  kilodalton  chain.  Cross-linking  of  ligand  to  low  affinity 
sites  showed  that  the  IL-2  in  that  situation  is  only  interacting  with  the  55 
kilodalton  receptor  glycoprotein.  Thus  the  high  affinity  receptor  is  likely 
composed  of  at  least  two  subunits. 

Regulation  of  Intracellular  Iron  Metabolism 

During  the  past  year,  the  major  project  of  this  group,  led  by  R.  Klausner,  has 
been  to  clone  molecularly  the  gene  for  the  human  ferritin  heavy  chain.  Previous 
work  from  this  lab  has  pointed  to  ferritin  as  the  regulator  of  intracellular 
iron  distribution.  This  mechanism,  in  turn,  was  regulated  by  iron  itself  which 
determines  the  level  of  ferritin  within  the  cell.  In  order  to  develop  the 
tools  to  study  the  underlying  mechanisms  involved,  the  full  gene  encoding  a 
ferritin  chain  is  needed.  Previous  work  had  demonstrated  that  many  copies  of 
both  ferritin  heavy  (H)  and  light  (L)  chain  genes  are  scattered  throughout  the 
human  genome.  Many  of  these  are  likely  to  be  processed  pseudogenes,  and  find- 
ing an  expressed  gene  thus  required  a  screening  strategy  to  avoid  pseudogenes. 
Such  a  strategy  was  designed  and  a  full  length  copy  of  the  human  H  chain 
ferritin  gene  isolated.   This  was  sequenced  and  shown  to  contain  a  large  (-260 
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base)  5'  untranslated  region  and  three  introns.  The  entire  length  of  the  gene 
is  about  3  kb.  The  gene  has  been  introduced  into  mouse  fibroblasts  where  it 
has  been  shown  to  be  expressed.  The  reconstituted  gene  functions  normally  in 
the  murine  cells.  It  is  highly  regulated  by  iron,  assembles  into  normal 
ferritin  spheres,  and  co-assembles  with  mouse  ferritin.  The  functional  gene  is 
localized  to  chromosome  11.  Interestingly,  preliminary  evidence  from  in  situ 
hybridization  suggests  the  possibility  of  a  chromosomal  duplication  event, 
placing  a  copy  of  this  gene  at  the  HLA  locus  of  chromosome  6.  This  is  the 
predicted  localization  of  the  gene  believed  to  be  defective  in  hereditary 
hemochromatosis.  The  expression  of  the  cloned  gene  from  human  chromosome  11  in 
murine  cells  is  allowing  the  identification  of  the  nucleotide  sequences  in- 
volved in  iron  regulation. 

Molecular  Aspects  of  the  Regulation  of  the  Human  Transferrin  Receptor 

The  central  role  that  the  transferrin  receptor  plays  in  cellular  iron  metabo- 
lism has  led  the  work  of  this  group,  led  by  J.  B.  Harford,  to  focus  on  the 
transcriptional  control  elements  of  the  gene  for  the  human  receptor.  The  5' 
region  of  the  human  gene  was  cloned  and  transcriptional  elements  were  identi- 
fied by  constructing  hybrid  genes  in  which  putative  regulatory  elements  are 
fused  to  the  structural  gene  for  the  bacterial  enzyme  chloramphenicol  acetyl 
transferase  (CAT).  Such  constructs  have  led  to  a  number  of  conclusions.  Two 
distinct  elements  are  required  in  tandem  to  yield  high  levels  of  gene  expres- 
sion. One  exists  5'  to  the  transcription  initiation  site  and  the  other  resides 
in  the  first  intron,  approximately  1000  base-pairs  downstream  of  the  transcrip- 
tion initiation  site.  Deletion  analysis,  linker-scanner  mutagenesis  and 
sequencing  have  begun  to  elucidate  the  fine  structure  of  these  regions.  The 
upstream  region  consists  of  two  elements;  one  is  located  between  bases  -78  and 
-62  and  contains  a  sequence  homologous  to  the  adenovirus  Ela  enhancer  element 
and  the  other,  located  between  -62  and  -33 1  contains  SP1  protein  binding  site 
sequences.  Each  contributes  to  the  function  of  this  region.  The  downstream 
site  has  been  localized  to  less  than  30  base  pairs,  and  contains  another 
homologue  to  the  adenovirus  enhancer  element.  This  3'  control  region  cannot 
function  in  the  reverse  orientation.  The  identification  of  these  sequences  will 
allow  the  characterization  of  specifi-c  DNA  binding  proteins  and  of  the  regions 
required  for  iron  regulation  of  the  expression  of  this  gene. 

Membrane  Traffic  and  Organelle  Biogenesis 

This  group,  led  by  I .  V.  Sandoval,  proeviously  developed  monoclonal  antibodies 
directed  againstthe  integral  membrane  proteins  of  various  intracellular 
organelles.  These  antibodies  have  provided  extremely  useful  tools  for  examin- 
ing the  relationships  between  different  organelles,  the  trafficking  between 
organelles,  and  the  biogenesis  of  organelles.  During  the  past  year  most  effort 
was  concentrated  on  a  set  of  integral  membrane  proteins  of  the  lysosomes. 
Biosynthetic  pulse-labeling  studies  were  used  to  examine  the  post-translational 
processing  of  these  proteins.  All  are  glycosylated  and  contain  N-linked  carbo- 
hydrate chains  complexed  with  sialic  acid.  This  finding  demonstrates  that 
these  proteins  are  efficiently  transported  through  the  entire  Golgi  system  and 
reach  the  trans-Golgi  before  being  targeted  to  lysosomes.  All  lysosomal  inte- 
gral membrane  proteins  (LIMP)  are  transported  through  the  Golgi  at  a  similar 
rate  but  they  are  retained  in  the  trans-Golgi  for  variable  periods  of  time. 
This  group  has  also  developed  an  assay  to  monitor  the  transport  of  LIMPs  from 
the  Golgi  to  the  lysosomes.  This  assay  makes  use  of  the  very  different  buoyant 
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densities  of  the  Golgi  and  lysosomes,  and  has  allowed  a  clear  demonstration  of 
the  rapid  and  efficient  delivery  of  these  proteins  to  lysosomes.  Removal  of 
N-linked  carbohydrate  chains  has  no  effect  on  the  transport  of  these  proteins, 
but  dramatically  destabilizes  the  LIMPs  in  the  lysosomes.  These  tools,  and  the 
information  generated  through  their  use,  have  created  the  possibility  of  exam- 
ining the  molecular  mechanisms  of  protein  sorting  to  lysosomes.  This  goal  is 
now  being  approached,  beginning  with  the  molecular  cloning  of  the  genes 
encoding  these  lysosomal  proteins. 
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Laboratory  of  Developmental  and  Molecular  Immunity — 
John  Robbins,  M.D.,  Chief 

This  Laboratory  conducts  research  on  the  developmental  and  molecular  biology  of 
"natural,"  disease-acquired  and  immunization-induced  immunity,  with  especial 
emphasis  on  antigens  involved  in  the  immunopathogenesis  of  diseases  of  the 
developing  organism.  Three  areas  of  inquiry  have  been  addressed:  (1)  Immuno- 
pathogenesis of  invasive  diseases  of  infants  and  young  children  caused  by 
encapsulated  bacteria  and  the  development  of  vaccines  for  their  prevention,  and 
characterization  of  the  mechanisms  underlying  the  age-related  development  of 
serum  antibody  formation  to  the  protective  antigens  of  these  pathogens.  Meth- 
ods are  being  developed  to  provide  more  rapid  and  reliable  diagnosis  of  bacte- 
rial infections  of  infants.  The  exotoxins  of  Bordetella  pertussis,  including 
pertussis  toxin,  are  studied  for  their  immunopathogenic  role  in  pertussis;  (2) 
The  development,  activation,  timing  of  expression,  regulation  of  intrauterine 
and  neonatal  synthesis,  and  structure-function  relations  of  the  Class  I  trans- 
plantation antigens.  Site-directed  mutagenesis  is  used  to  provide  information 
about  the  structure-function  relations  of  these  polymorphic  immunoregulatory 
molecules,  and  the  effects  of  interferon,  retinoic  acid  and  oncogenes  on  the 
synthesis  of  Class  I  histocompatibility  antigens  are  being  studied  by  a  variety 
of  methods  including  the  novel  approach  of  cloning  cells  cultured  from  embryos 
at  crucial  periods  in  the  development  of  these  antigens.  Critical  to  this 
research  is  the  elucidation  of  the  DNA  sequences  encoding  the  Class  I  MHC 
antigens,  specifically  those  involved  in  their  structure,  regulation  and  intra- 
uterine activation;  (3)  The  immunoregulatory  function  of  bacterial  toxins, 
including  pertussis  toxin  and  Group  A  beta  hemolytic  streptococcal  pyrogenic 
exotoxin,  is  being  characterized  using  hybridomas  constructed  from  both  T  and  B 
lymphoid  cells  at  various  stages  of  their  differentiation. 

R.  Schneerson  and  J.  Robbins  continue  their  work  on  the  pathogenesis  and  pre- 
vention of  invasive  diseases  due  to  encapsulated  bacteria  of  infants  and  chil- 
dren. Their  emphasis  has  been  primarily  on  Haemophilus  influenzae  type  b  and 
pneumococcal  infections,  but  has  now  been  extended  to  Salmonella  typhi  and 
related  causes  of  enteric  fevers. 

The  effectiveness  of  the  H.  influenzae  type  b  and  pneumococcal  polysaccharide 
vaccines  in  infants  and  young  children  is  hampered  by  their  age-related  rela- 
tive lack  of  immunogenicity  and  the  lack  of  a  booster  response  upon  reinjec- 
tion.  Synthetic  conjugation  schemes  were  devised  by  Schneerson  and  Robbins  in 
order  both  to  increase  this  immunogenicity  in  infants  and  to  confer  the  prop- 
erty of  T  cell  dependence  on  the  capsular  polysaccharides  of  H.  influenzae  type 
b  and  pneumococcus  type  6  (as  an  example  of  the  weakest  immunogen  and  age- 
dependent  component  of  the  pneumococcal  vaccine).  Following  extensive  studies 
of  the  immunologic  and  safety  properties  of  these  vaccines  in  laboratory  ro- 
dents and  then  primates,  a  clinical  study  in  normal  adults  was  undertaken. 
Volunteers  were  immunized  two  times  with  conjugates  composed  of  H.  influenzae 
type  b,  or  the  cross-reacting  Escherichia  coli  K100  or  pneumococcal  type  6A 
polysaccharides,  bound  to  tetanus  toxoid.  Local  effects  were  common  and  proba- 
bly due  to  Arthus  reactions  mediated  by  high  levels  of  preexisting  tetanus 
toxin  antibodies.  Fever  occurred  in  about  10$  of  recipients  after  the  first 
injection;  none  was  detected  after  the  second  injection.  The  H.  influenzae  type 
b-tetanus  toxoid  conjugate  elicited  a  180-fold  increase  in  serum  polysaccharide 
antibodies,  and  the  pneumococcus  type  6A  conjugate  elicited  an  8-fold  increase. 
Each  conjugate  elicited  about  a  10-  to  20-fold  increase  in  serum  tetanus  toxin 
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antibodies.  Similar  levels  of  antibodies  to  the^ polysaccharide  and  tetanus 
toxoid  components  were  elicited  by  50  and  100  microgram  doses,  and  by  one 
conjugate  or  a  combination  of  conjugates.  Pre-  and  post-immunization  sera  had 
H.  influenzae  type  b  antibodies  composed  of  IgG,  IgA  and  IgM  immunoglobulins. 
Immunization  with  either  the  purified  polysaccharide  or  the  conjugates  elicited 
an  increase  in  all  three  isotypes;  the  greatest  increase  was  in  the  IgG  compo- 
nent. The  highest  response  in  this  latter  isotype  was  in  the  IgG2  subclass.  A 
one  way  cross-reaction  was  apparent  since  about  one-half  of  the  volunteers 
immunized  with  the  pneumococcus  type  6A  conjugate  responded  with  2-fold  or 
greater  levels  of  H.  influenzae  type  b  antibodies.  The  polysaccharide  and 
tetanus  toxoid  antibodies  elicited  by  the  conjugates  had  biological  activities 
that  have  been  correlated  with  immunity  to  infection  by  their  respective 
agents.  The  conclusion  from  these  first  clinical  studies  is  that  the  quality 
of  the  antibodies  elicited  by  the  conjugates  is  similar  to  that  elicited  by  the 
polysaccharide  component  injected  alone;  the  level  of  polysaccharide  antibodies 
stimulated  by  the  conjugates  was  considerably  higher.  Phase  2  studies  of  these 
conjugates  in  children  are  ongoing.  The  results  to  date  are  encouraging  and 
suggest  that  it  will  be  possible  to  devise  polysaccharide  vaccines  that  are 
effective  in  infants,  who  remain  at  serious  risk  of  morbidity  and  mortality 
from  these  infections  despite  the  availability  of  antibiotics. 

Preliminary  evaluation  of  these  conjugates  in  patients  with  immunodeficiency 
disorders  and  recurrent  infections  has  been  done  in  collaboration  with  Dr. 
Lars  A.  Hanson,  University  of  Goteborg  (Sweden).  Most  patients  responded  with 
levels  of  H.  influenzae  or  type  6  antibodies  in  a  manner  similar  to  that  of 
normal  volunteers;  two  patients  with  non-detectable  or  very  low  levels  of  IgG2 
showed  a  considerably  lower  response,  but  still  at  levels  considered  to  be 
protective.  Another  collaborative  study,  with  Drs.  Sarnack  and  Kaplan  of  Wayne 
State  University,  is  planned  to  evaluate  these  conjugates  in  infants  and  chil- 
dren with  sickle  cell  anemia,  another  disease  that  predisposes  to  an  unusually 
high  rate  of  invasive  infections  by  encapsulated  bacteria. 

As  in  the  case  of  other  encapsulated  bacterial  pathogens,  capsular  polysac- 
charide antibodies  confer  immunity  to  Neisseria  meningitidis.  In  contrast  to 
the  other  serogroups,  meningococcal  Group  A  diseases  have  a  unique  epidemio- 
logy: In  Africa,  Group  A  meningitis  is  endemic  with  a  high  frequency.  In 
other  parts  of  the  world,  Group  A  causes  epidemics.  In  both  situations, 
asymptomatic  carriage  is  low.  In  the  U.S.,  Group  A  meningococci  carriers  have 
not  been  detected  for  the  past  30  years.  Most  young  adults  have  Group  A  poly- 
saccharide antibodies.  Yet,  the  antigenic  stimuli  for  these  antibodies  has  not 
been  identified.  Two  Escherichia  coli  capsular  polysaccharides,  K93  and  K51  , 
were  discovered  which  could  account  for  this  ubiquitous  "natural"  immunity. 
Their  serological  properties  and  structures  were  characterized.  Schemes  for 
synthesis  of  K93,  K51  and  Group  A  polysaccharide  conjugates  have  been  devised 
in  order  to  provide  more  effective  immunity  against  Group  A  meningitis  in 
infants  and  children  than  provided  by  the  current  Group  A  vaccine. 

As  noted  previously  pneumococcal  infections  cause  considerable  morbidity  and 
continuing  mortality,  especially  in  infants  and  young  children,  despite  effec- 
tive antibiotics  and  supportive  care.  The  limitations  of  the  pneumococcal 
vaccine  (vide  supra)  prompted  a  search  for  a  more  immunogenic  and  species- 
specific,  rather  than  a  multivalent  type-specific,  immunogen.  Briles  et  al. 
showed  that  monoclonal  antibodies,  specific  for  phosphocholine  (PC),  conferred 
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protection  in  mice  against  several  pneumococcal  types.  The  most  likely  candi- 
date for  this  PC-containing  protective  antigen  is  the  cell  wall  polysaccharide 
(Cw-Ps).  The  Cw-Ps,  present  in  all  pneumococci,  is  a  linear  copolymer  which 
contains  PC  bound  to  its  galactose  residue.  The  Cw-Ps  was  bound  to  a  carrier 
protein  through  the  use  of  a  heterobif unctional  coupling  agent,  N-succinimidyl 
3-(2-pyridydithio)-proprionate  (SPDP).  The  resultant  Cw-Ps  protein  conjugate 
was  injected  into  animals  and  the  hyperimmune  antiserum  assayed  for  its  ability 
to  confer  passive  protection  against  lethal  challenge  with  several  pneumococcal 
types  in  a  standardized  mouse  model.  The  conjugate  elicited  Cw-Ps  antibodies 
without  PC  specificity  and  did  not  confer  protection.  However,  CW-Ps  antibod- 
ies elicited  by  multiple  intravenous  injection  of  a  mutant  pneumococcus  strain, 
SRC-2,  which  contains  a  capsule  composed  of  the  Cw-Ps, did  elicit  antibodies 
with  PC  specificity.  This  antiserum  was  protective,  but  absorption  with  Cw-Ps 
did  not  change  its  protective  activity.  These  data  provide  evidence  that 
antibodies  to  the  Cw-Ps  do  not  confer  immunity  against  infection  of  mice  with 
encapsulated  pneumococci.  A  search  for  the  protective  activities  of  other 
PC-containing  structures  is  ongoing. 

Enteric  fevers  have  a  similar  pathogenesis  and  clinical  picture,  and  are  caused 
by  Salmonellae.  In  developing  nations,  the  most  common  (usually  accounting  for 
80%  of  enteric  fevers)  and  most  severe  is  typhoid  fever.  Typhoid  fever  contin- 
ues to  be  a  problem  for  U.S.  citizens  in  countries  where  this  infection  is 
epidemic.  Transmission  of  Salmonella  typhi ,  the  causative  agent  of  typhoid 
fever,  is  almost  always  by  contaminated  water.  Control  of  enteric  fevers  has 
been  achieved  where  hygenic  practices  have  been  applied  to  food  handling,  dis- 
posal of  sewage,  and  monitoring  of  patients.  However,  it  is  unlikely  that 
control  will  be  achieved  in  developing  nations  in  the  near  future,  other  than 
by  vaccination.  Current  typhoid  vaccines  are  unsatisfactory  because  they 
induce  a  high  rate  of  side  reactions  and  confer  only  a  limited  immunity. 

S.  typhi  is  pathogenic  for  humans  only;  there  are  no  satisfactory  animal  mod- 
els. S.  typhi  has  a  capsular  polysaccharide,  called  the  Vi  (virulence)  anti- 
gen; no  other  Salmonellae  have  a  comparable  structure.  Circumstantial  evidence 
has  been  amassed  to  suggest  that  antibodies  to  the  Vi  antigen  confer  immunity 
to  typhoid  fever.  Accordingly,  methods  were  devised  for  the  production,  isola- 
tion, standardization,  and  evaluation  of  the  effectiveness  of  the  Vi  poly- 
saccharide in  preventing  typhoid  fever.  The  Vi  vaccine  was  standardized  by 
methods  established  for  other  polysaccharides  and  by  C  nuclear  magnetic 
resonance  spectroscopy.  Clinical  safety  and  immunogenicity  trials  have  been 
conducted  in  medical  students  in  Lyon,  France,  and  in  school  children  and 
adults,  ages  5  through  45  years,  in  various  villages  of  the  Kathmandu  Valley, 
Nepal.  The  results  were  encouraging,  and  consequently,  the  effectiveness  of 
the  Vi  polyaccharide  in  preventing  typhoid  fever  has  now  been  evaluated  in  a 
clinical  study  established  in  five  villages,  comprising  a  total  population  of 
about  13,000,  in  Nepal.  Seven  thousand  volunteers  received  either  25  micro- 
grams of  the  Vi  polysaccharide  or  a  pneumococcal  vaccine  (control)  in  a  random- 
ized and  double-masked  fashion.  No  serious  reactions  were  encountered.  Local 
swelling  and  redness  occurrred  in  about  1 0%  of  the  vaccinates, most  prominantly 
in  the  adults.  The  reactions  were  not  incapacitating  and  waned  in  48  hours. 
Their  timing  and  appearance  were  consistent  with  the  reactivity  usually  elic- 
ited by  pneumococcal  vaccines  in  adults.  Surveillance  will  be  maintained  in 
the  five  villages  that  participated  in  the  effectiveness  trial  for  at  least  two 
years.   If  effectiveness  is  demonstrated,  these  workers  plan  to  enlist  the 
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support  of  the  Agency  for  International  Development  to  maintain  this  surveil- 
lance for  an  additional  five  years  to  ascertain  the  duration  of  immunity.  As 
the  routine  of  surveillance  becomes  established,  this  group  hopes  to  study  the 
immunological  characteristics,  and  genetic  regulation  of  these  characteristics, 
in  patients  with  typhoid  fever. 

It  is  stated  that  typhoid  fever  is  unusual  under  the  age  of  five  years.  This 
is  unexpected  because  other  infectious  diseases,  contracted  by  ingestion  of 
contaminated  water,  occur  with  high  frequency  in  this  age  group.  This  group 
plans  to  study  the  epidemiology  of  typhoid  fever  and  other  causes  of  enteric 
fevers  in  this  age  group  using  more  reliable  methods  of  diagnosis  including 
bone  marrow  culture.  Based  upon  these  studies  and  the  results  of  our  effec- 
tiveness study  in  Nepal,  these  workers  will  judge  whether  or  not  the  Vi  alone 
could  be  studied  for  its  effectiveness  in  preventing  typhoid  fever  in  infants 
and  children  up  to  the  age  of  five  years.  They  have  developed  methods  for 
binding  capsular  polysaccharides  that  contain  an  uronic  acid  residue  (e.g.,  the 
Vi  polysaccharide)  to  medically  useful  carrier  proteins  in  order  to  make  them 
effective  vaccines  for  infants  and  young  children.  The  safety,  immunogenicity , 
and  the  effectiveness  of  these  newly  synthesized  Vi-protein  conjugates  could 
then  be  oonsidered  for  evaluation  in  the  very  young. 

The  incidence  of  pertussis,  a  communicable  disease  with  high  morbidity  and 
mortality  in  infants  and  young  children,  has  been  controlled  by  vaccination. 
The  current  pertussis  vaccine  is  composed  of  inactivated  Bordetella  pertussis 
organisms  and  is  a  component  of  the  triple  formulation,  DTP,  given  routinely  in 
the  USA  to  infants  and  children.  The  pertussis  component,  however,  suffers 
from  two  limitations;  (1)  It  induces  a  high  rate  of  side  reactions,  including  a 
rare  encephalopathy;  and  (2)  the  extent  and  duration  of  protection  are  limited 
compared  to  other  vaccines.  The  side  reactions  have  caused  increasing  public 
concern  and  the  use  and  supply  of  pertussis  vaccines  is  decreasing  consequent- 
ly. Recently,  Pittman  proposed  that  a  single  component  of  B.  pertussis, 
pertussis  toxin  (PT),  is  the  major  immunopathogenic  determinant.  Acting  on 
Pittman1 s  proposal  that  pertussis  is  a  toxin-mediated  disease,  and  that  serum 
PT  antibodies  will  confer  immunity,  R.  Sekura  has  developed  methods  for  produc- 
tion of  PT  in  quantities  and  purity  suitable  for  clinical  investigation.  PT 
has  an  enzymatic  action,  ADP  ribosylation,  similar  to  other  bacterial  exotoxins 
including  those  of  C.  diphtheriae  and  V.  cholera.  The  specificity  of  binding 
of  PT  to  mammalian  cells  was  studied  using  the  serum  glycoprotein,  fetuin,  as  a 
model  compound.  Binding  of  PT  to  fetuin  was  shown  to  be  due  to  its  interaction 
with  the  asparagine-linked  oligosaccharide  of  this  glycoprotein.  A  novel 
method  was  devised  to  inactivate  both  the  binding  and  enzymatic  activities  of 
PT  while  retaining  at  least  one-third  of  its  antigenicity.  The  detoxified  PT 
induced  active  immunity  against  challenge  with  B.  pertussis  by  the  intra- 
cerebral and  pulmonary  routes  in  laboratory  mice.  A  lot  of  PT,  PTH-06,  prepared 
and  standardized  for  clinical  evaluation,  showed  no  toxicity  and  induced 
neutralizing  antibodies  in  primates.  Assays  to  monitor  the  antigenicity, 
immunogenicity,  binding  and  enzymatic  activity  of  the  inactivated  PT  (pertussis 
toxoid,  or  PTd)  were  developed  and  their  usefulness  and  reliability  in 
standardization  tests  were  confirmed  with  several  production  lots.  Clinical 
evaluation  was  started  in  adult  volunteers  at  the  Clinical  Center  of  the  NIH. 
Three  doses,  ranging  from  10  to  75  pg  of  PTd  adsorbed  on  aluminum  salts,  were 
injected  into  25  volunteers  each.  No  local  or  systemic  reactions,  alteration 
in  glucose  metabolism  or  changes  in  lymphocyte  counts  were  observed.  Serologi- 
cal responses  have  been  extremely  encouraging.   It  is  planned  to  start  Phase  II 
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studies  in  children  in  Goteborg,  Sweden,  in  the  next  several  months,  assuming 
that  the  serum  antibody  responses  elicited  by  the  experimental  PTd  continue  to 
be  similar  to  those  observed  in  mice  and  primates. 

B.  pertussis  is  a  pathogen  for  humans  only;  clinical  pertussis  has  not  been 
established  in  other  animals.  In  addition  to  PT,  this  pathogen  secretes  a 
variety  of  biologically  active  extracellular  materials,  including  adenylate 
cyclase  and  an  activity  referred  to  as  dermonecrotic  or  heat  labile  toxin 
(HLT).  This  latter  activity  has  not  been  characterized,  but  Sekura  and  his 
associates  have  now  isolated  a  protein  toxin  from  sonicates  of  B.  pertussis 
which  has  this  activity.  Homogeneous  preparations  of  HLT  have  been  obtained 
and  it  was  established  that  the  toxin  is  a  polypeptide  with  a  molecular  weight 
of  about  150,000.  Purified  HLT  has  been  used  to  produce  polyclonal  antibodies 
in  rabbits  and  monoclonal  antibodies  from  hybridoma  cultures.  Passive  immuni- 
zation of  mice  with  polyclonal  HLT  antibodies  conferred  protein  against  chal- 
lenge with  B.  pertussis,  suggesting  that  HLT  may  serve  as  a  protective  antigen 
in  addition  to  PT.  Sublethal  doses  of  HLT,  injected  into  mice,  produced  unex- 
pected results.  Within  eight  hours,  a  70%  reduction  in  the  weight  of  the  spleen 
was  observed.  Most  of  the  loss  in  spleen  weight  was  due  to  reduction  in  the 
red  pulp  (erythropoietic  tissue).  The  lethal  dose  of  HLT  in  mice  was  about  0.5 
pg,  similar  to  the  toxicity  of  tetanus  toxin.  HLT  antibodies  conferred  protec- 
tion against  the  lethal  effects  of  toxin  challenge  (anti-toxin).  Sekura 
speculates  that  HLT  induces  local  inflammation  at  the  site  of  initial  infection 
with  B.  pertussis.  This  local  inflammatory  action  may  account  for  the  early 
non-specific  respiratory  symptoms  of  infection  with  B.  pertussis.  Studies  are 
underway  both  to  measure  HLT  antibodies  in  patients  with  pertussis  and  to 
assess  their  potential  for  inducing  protective  immunity. 

The  section  led  by  K.  Ozato  continues  to  investigate  the  structure-function 
relations  and  developmental  regulation  of  the  Major  Histocompatibility  Complex 
Class  I  antigens  (MHC).  These  cell  surface  molecules  are  membrane  glyco- 
proteins critical  to  tissue  rejection  and  cell-bound  antigen  recognition.  Class 
I  MHC  antigens  are  composed  of  three  external  domains  and  one  membrane-associ- 
ated domain.  The  notable  structural  feature  of  MHC  Class  I  genes  is  their 
extraordinary  degree  of  polymorphism.  This  high  level  of  polymorphism  has  been 
maintained  throughout  evolution  of  the  vertebrates  and  cannot  be  explained  by 
simple  genetic  drift.  MHC  Class  I  antigens  present  cell-bound  antigens  (as, 
for  example,  by  macrophages)  and  by  so  doing,  activate  T  cells.  This  activity 
is  mediated  by  the  polymorphic  portion  of  MHC  since  Class  I  MHC  mis-matched 
cells  fail  to  stimulate  T  cells.  Variability  is  found  in  Class  I  MHC  genes 
throughout  the  first  and  second  domains,  making  it  difficult  to  identify  the 
regions  responsible  for  MHC  immunological  functions. 

Site-directed  mutagenesis  was  used  to  study  the  structure-function  relations  of 
Class  I  MHC  genes.  Mutant  H-2Ld  genes  were  prepared  in  which  several  amino 
acids  in  the  most  polymorphic  portions  of  the  first  external  domain  were  re- 
placed by  amino  acids  of  other  Class  I  MHC  genes.  A  1.9  kb  Xba  fragment  of  the 
H-2Ld  gene,  containing  the  first  and  second  exons  cloned  in  Ml  3,  served  as  a 
template.  Synthetic  nucleotides  of  27  base  pairs,  containing  2  to  3  nucleotide 
mismatches,  were  annealed  to  the  templates  and  the  mutants  were  identified  by 
dot  hybridization.  The  putative  mutants  were  analyzed  by  DNA  sequencing.  The 
mutants,  once  identified,  were  introduced  into  murine  L  cells  by  co-infection 
with  the  Herpes  thymidine  kinase  gene.  Radioimmunobinding,  cytofluorography 
and  reactivity  with  CTL  lymphocytes  were  used  to  analyze  the  expression  of 
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these  mutant  genes.  This  approach  has  been  very  prpductive:  Ozato  et  al .  have 
found  that  a  small  stretch  of  amino  acid  sequences  is  responsible  for  a  number 
of  antigenic  determinants  recognized  by  monoclonal  antibodies  and  by  CTL.  Fur- 
thermore, changes  in  glycosylation  sites  and  disulfide  bridges  introduced  in 
this  system  have  revealed  information  about  the  location  of  antigenic  sites  and 
intracellular  transportation  of  these  antigens. 

Ozato  has  found  that  murine  alpha,  beta  and  gamma  interferons  (IFNs)  induce 
expression  of  the  c-fos  oncogene  in  undifferentiated  embryonal  teratocarcinoma 
(F9  EC)  cells,  NIH  3T3  cells,  and  a  variety  of  lymphoid  cells.  IFN-induced 
expression  is  dose-dependent,  rapid  and  transient;  the  amount  of  c-fos  tran- 
script rises  within  15  minutes,  peaks  after  30  minutes,  and  soon  drops  to  an 
undetectable  level.  The  c-fos  gene  reveals  a  stretch  of  10  nucleotides  in  the 
5'  flanking  region  of  the  gene  homologous  to  a  part. of  the  "IFN-consensus  se- 
quence." This  and  other  findings  indicate  that  c-fos  is  a  member  of  the  family 
of  IFN-inducible  genes,  and  that  its  expression  is  an  early  event  of  IFN  ac- 
tion. In  mice,  c-fos  mRNA  increases  steeply  in  several  tissues  on  the  day  of 
birth,  followed  by  a  precipitous  decline  soon  thereafter.  Immediately  follow- 
ing this  burst  of  c-fos  expression,  the  level  of  MHC  Class  I  RNA,  also  known  to 
be  induced  by  IFNs,  rises  sharply  in  the  neonatal  organs.  These  findings 
suggest  that  the  sequential  expression  of  c-fos  and  MHC  Class  I  genes  is  regu- 
lated by  IFNs,  which  are  an  integral  component  of  neonatal  development. 

Murine  MHC  Class  I  genes  are  expressed  only  after  the  embryos  reach  mid-somite 
stage.  Since  there  are  no  established  cell  lines  representative  of  embryos  at 
the  mid-somite  stage,  a  number  of  clones  from  mouse  embryos  at  day  8  and  day  11 
were  established  by  infection  and  transformation  with  several  oncogenic  retro- 
viruses. These  clones  of  embryonic  cells  are  morphologically  distinct.  Of  35 
independent  clones,  10  have  been  characterized  further  and  found  to  have  vary- 
ing expression  of  MHC  Class  I  and  SSEA-1  antigens  and  laminin.  SSEA-1  is 
expressed  in  early  embryonic  cells  and  is  no  longer  detectable  after  differen- 
tiation. Laminin  has  been  shown  to  be  undetectable  in  early  embryos;  it  is 
expressed  in  epithelial  cells  and  later  embryos.  All  ten  clones  were  negative 
for  SSEA-1.  Laminin  was  detected  in  only  some  of  these  ten  clones.  Unlike  F9 
EC  cells,  these  clones  did  not  show  morphological  changes  after  treatment  with 
retinoic  acid.  These  cells,  therefore,  appear  to  retain  the  characteristics  of 
mid-gestational  embryos^  The  majority  of  these  clones  have  low  levels  of  MHC 
Class  I  mRNA,  equivalent  to  F9  EC  cells.  Several  clones  negative  for  surface 
MHC  Class  I  antigens  showed  relatively  high  constitutive  expression  of  Class 
I  MHC  mRNA.  Interferon  tratment  of  these  clones  resulted  in  an  increase  in  the 
level  of  MHC  Class  I  antigens.  The  kinetics  of  their  IFN-induced  MHC  Class  I 
surface  antigens  and  mRNA  were  variable.  CAT  assay  of  these  clones,  seeking  a 
negative  regulatory  factor  apparently  present  in  the  undifferentiated  F9  EC 
cells)  is  underway  (vide  infra) . 

The  development  and  expression  of  MHC  Class  I  antigens  was  also  analyzed,  using 
F9  EC  cells  to  study  their  gene  regulation.  The  promoter  activity  of  MHC  Class 
I  genes  was  analyzed  by  .employing  chloramphenicol  acetyl  transferase  (CAT) 
fusion  genes  in  a  transient  transfection  system.  Sequence  data  was  obtained 
from  the  upstream  region  of  the  H-2Ld  gene  in  order  to  identify  controlling 
elements.  Portions  of  the  upstream  region  were  fused  to  the  coding  sequence  of 
the  bacterial  CAT  gene.   Another  series  of  CAT  constructs  was  prepared  in  which 
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portions  of  the  SV40  promoter  were  replaced  by  the  MHC  Class  I  promoter  se- 
quences. The  promoter  activity  of  the  above  constructs  was  assessed  in  F9  EC 
cells  by  measuring  transient  CAT  activity  after  DNA-mediated  gene  transfer. 

The  promoter  activity  of  an  MHC  Class  I  gene  was  studied  with  F9  EC  cells, 
employing  CAT  assays  with  hybrid  genes  that  contained  upstream  regions  of  an 
MHC  Class  I  H-2Ld  gene.  The  1.H  kb  5'  flanking  region  of  the  H-2Ld  gene  re- 
vealed the  presence  of  5-10  bp  direct  or  inverted  repeats  about  100-230  bp 
upstream  of  the  gene  and  immediately,  adjacent  to  the  IFN  consensus  sequence. 
Chimeric  genes,  in  which  the  CAT  genes  were  under  the  control  of  various 
lengths  of  the  5'  flanking  region  of  the  H-2Ld  gene,  were  introduced  in  F9  EC 
cells  and  the  promoter  activity  was  estimated  by  measuring  transient  expression 
of  the  CAT  gene.  Ozato  and  her  colleagues  found  that  the  upstream  region  of 
the  H-2Ld  gene  has  weak  promoter  activity  in  F9  EC  cells.  When  the  upstream 
sequence  distal  from  position  135  (from  the  cap  site)  was  removed,  a  4-  to 
5-fold  increase  in  CAT  activity  ensued.  Studies  with  internal  deletions  indi- 
cated that  the  presence  of  a  75  bp  sequence,  encompassing  nucleotide  positions 
-135  to  -210  from  the  cap  site,  represses  CAT  activity  in  undifferentiated  F9 
cells.  Upstream  fragments  that  lack  this  region  consistently  elicited  H-  to 
5-fold  higher  CAT  activity.  This  repression  was  demonstrable  in  undifferenti- 
ated F9  cells  only;  all  of  the  constructs  had  similar  CAT  activity  when  the  F9 
cells  had  been  differentiated  by  treatment  with  retinoic  acid.  This  finding 
indicates  that  the  repressed  promoter  of  the  MHC  Class  I  gene  is  develop- 
mentally  regulated.  The  region  responsible  for  this  repression  contains  in- 
verted and  direct  repeats  comprising  5-10  bp  nucleotide  streches ,  and  the  IFN 
consensus  sequence  in  the  proximal  region  exerts  enhancer-like  activity  in 
differentiated  cells  only. 

Ozato  et  al .  will  continue  to  study  the  developmental  regulation  of  MHC  Class  I 
genes.  Her  working  hypothesis  is  that  the  regulatory  region  in  the  5'  flanking 
region  of  the  H-2L  gene  interacts  with  a  transacting  nuclear  protein(s)  pres- 
ent in  early  embryonic  cells.  The  proto-oncogene,  c-fos,  is  expressed  during 
murine  embryonic  development.  The  c-fos  gene  is  also  induced  by  other  growth 
stimuli  in  many  types  of  cultured  cells.  Although  c-fos  has  been  implicated  in 
differentiation,  no  precise  function  of  this  regulatory  gene  has  been  demon- 
strated. Ozato  proposes  to  introduce  the  c-fos  gene,  under  the  control  of  the 
H-2Ld  promoter,  into  fertilized  mouse  embryos  and  to  produce  transgenic  mice. 
Construction  of  this  hybrid  gene  has  been  completed,  and  its  expression  is 
being  evaluated  in  F9  EC  cells  to  confirm  its  predicted  developmental  role. 
This  construct  will  be  introduced  into  C57BL/6  embryos  which  will  then  be 
allowed  to  develop  in  foster  mothers.  The  information  derived  from  this  new 
model  will  be  evaluated  together  with  the  DNA  analysis  of  cells  in  culture, 
including  the  embryonal  cell  cultures  developed  by  this  laboratory. 

During  the  course  of  systemic  infections,  lymphoid  cell  function  responsive  to 
the  offending  agent  and  other  antigens  is  often  altered  (deregulated).  In  many 
instances,  this  deregulation  may  affect  the  primary  course  of  the  disease  or 
predispose  to  secondary  complications.  E.  Hanna  and  his  associates  study  how 
microorganisms  or  their  products  alter  the  regulation  of  lymphoid  cell  struc- 
ture and  function.  Hybridomas  have  been  constructed  from  spleen  cell  cultures 
which  represent  precursor  and  mature  regulatory  T-cells.  The  spleen  cell 
cultures,  used  to  supply  the  functional  cell  type  of  the  hybridoma,  were  either 
stimulated  by  T-cell  growth  factors  or  antigens,  and  fractionated 
into  homogeneous  cell  types  prior  to  the  fusion.  Cell  surface  architecture  was 
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analyzed  by  dual  laser,  computer-controlled  cell  .sorter  analysis  with  fluoro- 
chrome-labeled  monoclonal  antibodies.  Lymphoid  function  was  measured  by  a 
variety  of  in  vitro  and  jLn  vivo  standardized  techniques,  including  generation 
and  function  of  cytotoxic  T  lymphocytes  (CTL)  and  antibody  formation.  Two 
bacterial  products  have  been  studied  in  detail;  pertussis  toxin  (PT)  and 
streptococcal  pyrogenic  exotoxin  (SPE).  Both  toxins  exert  stimulatory  as  well 
as  suppressive  activities  on  various  immune  functions  when  injected  in  vivo; 
these  effects  are  complex  and  depend  upon  the  dose,  timing  and  type  of  immune 
function  that  is  assayed.  Both  protein  toxins  are  mitogenic  at  low  concentra- 
tions and  not  cytotoxic  at  doses  that  induce  effects  upon  lymphoid  function. 
Both  toxins  are  thought  to  exert  a  major  immunopathogenic  role  during  diseases 
caused  by  their  parent  bacteria.  SPE  exerts  its  effect  upon  precursor  T- 
cells  that  are  down-regulatory  for  antibody  formation.  Exposure  of  one  hybrid- 
oma,  a  precursor  T-cell  with  the  differentiation  markers  Thy1 ,  L3T4  and  Lyt  2, 
results  in  the  reduction  of  its  suppressive  activity.  The  SPE-induced  change 
of  this  precursor  T-cell  hybridoma  results  in  reduced  expression  of  both  its 
Lyt  2  marker  and  its  suppressor  activity  for  antibody  formation  by  B-lympho- 
cytes.  This  effect  is  consistent  with  the  capacity  of  SPE  to  divert  the  devel- 
opment of  function  in  T-cell  precursors.  The  SPE-induced  suppression  of  CTL,  in 
contrast,  w-as  not  as  marked  as  that  mediated  by  PT.  PT  exerts  its  immuno- 
modulating  effect  by  generating  an  increase  in  suppressor  cell  types.  Spleen 
cell  cultures,  exposed  to  this  toxin,  show  an  increase  in  L3T4^~^,  Lyt2+, 
Thy1+,  T-cells.  These  cells  have  been  partially  purified  and  found  to  exert  a 
suppressive  effect  upon  generation  of  CTL's  in  cell  culture. 

Certain  stress  mimicking  compounds,  such  as  N'methyl-B-carboline-3-carboxamide, 
exert  modulatory  effects  upon  lymphoid  function.  Treatment  of  animals  with 
this  compound  suppressed  the  generation  of  CTL's.  This  i_n  vivo  effect  did  not 
occur  when  the  compound  was  added  directly  to  spleen  cultures  capable  of  gener- 
ating CTL.  The  intermediate  biological  mediator  of  this  suppressive  effect 
remains  to  be  elucidated.  Hanna  and  his  colleagues  are  seeking  an  understand- 
ing of  the  biological  intermediates  and  will  employ  their  library  of  precursor 
and  T-cell  clones  and  hybridomas  to  identify  the  cellular  basis  for  this 
immunodulating  effect. 
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Developmental  Endocrinology  Branch-- 
D.  Lynn  Loriaux,  M.D.,  Ph.D.,  Chief 

The  research  goal  of  this  Branch  is  to  further  our  understanding  of  the  role  of 
the  endocrine  tissues  in  the  complex  processes  of  growth,  development  and 
reproduction.  The  endocrine  system  is  being  studied  in  fetal  and  neonatal 
life,  childhood,  young  adulthood  and  old  age.  Much  of  the  current  investigati- 
on is  focused  on  the  pubertal  transition.  Systems  under  study  include  the 
hypothalamic-pituitary-gonadal  axis,  the  hypothalamic-pituitary-adrenal  axis, 
the  hypothalamic-pituitary-thyroid  axis,  the  systems  regulating  growth,  and 
placental-f etal  interactions.  Most  of  this  Branch's  work  includes  clinical 
research  and  clinical  trials;  the  major  projects  reflect  the  participation  of 
all  of  the  Senior  Investigators,  including  L.  Loriaux,  G.  Cutler,  R.  Sherins, 
B.  Nisula,  F.  Cassorla,  G.  Chrousos,  R.  Knazek,  and  G.  Merriam.  Therefore, 
results  are  grouped  by  topic  rather  than  investigator. 

Hormone  Transport  and  Action 

The  disorders  and  physiologic  processes  of  growth  and  reproduction  can  be 
investigated  in  terms  of  the  action  of  the  steroid  and  glycoprotein  hormones. 
In  an  attempt  to  increase  our  understanding  of  these  processes,  this  group  has 
examined  the  relationship  between  hormone  structure  and  function  using  the 
glycoprotein  hormones  and  binding  globulins  as  models. 

It  was  found  this  year  that  the  alpha-subunit  derived  from  intact  human 
chorionic  gonadotropin  (hCG)  contains  oligosaccharide  side  chains  that  are 
primarily  terminated  in  a  single  sialic  acid  (i.e.,  monosialylated) .  This  was 
unexpected  since  the  structure  of  the  oligosaccharides  was  believed  to  be 
bifurcated,  both  chains  ending  in  a  sialic  acid  residue  (i.e.,  disialylated) . 
Apart  from  the  value  of  this  finding  to  structural  biochemistry,  it  contributes 
to  a  growing  body  of  evidence  supporting  a  role  for  the  carbohydrate  of  hCG  in 
receptor  binding,  target  cell  activation,  metabolism,  and  combination  with 
complimentary  subunits.  In  contrast,  most  of  the  free  alpha-subunit  oligo- 
saccharides (subunits  not  derived  from  intact  hCG)  are  di-and  trisialylated. 
Since  the  more  heavily  glycosylated  free  alpha-subunits  are  incapable  of  com- 
bining with  native  hCG  beta-subunits  to  form  the  intact  hormone,  it  is  possible 
that  the  carbohydrate  on  the  free  alpha-subunit  serves  to  regulate  net  hCG 
synthesis  by  preventing  combination  with  the  hCG  beta-subunit .  These  studies 
have  opened  new  areas  of  investigation  into  the  regulation  of  hCG  biosynthesis. 

Previous  studies  of  the  thyrotropic  activity  intrinsic  to  hCG  showed  that 
removal  of  its  carbohydrate  converts  hCG  from  an  agonist  to  an  antagonist  of 
TSH  action.  Thus,  these  workers  hypothesized  that  the  carbohydrate  moieties  of 
TSH  would  also  play  a  critical  role  in  the  specific  activity  resulting  from  the 
binding  of  TSH  to  its  receptor.  This  has  proved  to  be  the  case.  Studies  of 
the  functional  properties  of  the  deglycosylated  TSH  were  performed  using  human 
thyroid  membranes.  Deglycosylated  TSH  bound  to  TSH  receptors  in  thyroid 
membranes  with  more  than  twice  the  affinity  of  native  TSH.  Despite  its  enhanced 
binding  affinity,  however,  deglycosylated  TSH  was  able  to  stimulate  only  10$  of 
the  activity  of  the  adenylate  cyclase  activity  achieved  with  native  TSH.  The 
deglycosylated  TSH  also  exhibited  antagonistic  activity  toward  TSH-stimulated 
adenylate  cyclase  activity.  These  findings  provide  the  first  direct  evidence 
for  the  role  of  the  TSH  carbohydrate  moieties  in  the  transduction  of  the  TSH 
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hormonal  signal  across  the  thyroid  cell  membrane.'  From  the  clinical  perspec- 
tive, these  data  provide  a  rational  basis  for  the  development  of  a  TSH  antago- 
nist that  could  be  used  in  the  treatment  of  hyperthyroidism. 

In  healthy  human  subjects,  TSH  is  secreted  in  a  circadian  pattern.  The  lowest 
level  occurs  at  about  5:00  in  the  afternoon  and  the  peak  occurs  between  mid- 
night and  4:00  in  the  morning.  The  progressive  rise  in  the  serum  TSH  concen- 
tration from  5:00  to  midnight  is  called  the  "nocturnal  TSH  surge."  Thyroid 
gland  function  exhibits  a  similar  pattern.  The  nocturnal  TSH  surge  is  presuma- 
bly related  to  a  signal  generator  in  the  central  nervous  system,  like  many 
other  biologic  rhythms.  Awareness  of  this  phenomenon  prompted  these  investiga- 
tors to  predict  that  certain  diseases  of  the  central  nervous  system  might 
interfere  with  the  signals  that  mediate  the  nocturnal  surge  and  thus  lead  to 
hypothyroidism.  The  nocturnal  surge  of  TSH  was  examined  in  a  series  of  16 
patients  with  hypothalamic  and/or  pituitary  disease.  Six  of  the  patients  were 
hypothyroid.  The  nocturnal  TSH  surge  was  absent  in  the  6  hypothyroid  patients 
and  present  in  10  euthyroid  patients.  The  significance  of  this  finding  derives 
from  its  clarification  of  the  mechanism  of  hypothyroidism  associated  with 
hypothalamic  disease,  and  its  potential  use  as  a  clinical  test  for  patients 
with  hypothalamic  and/or  pituitary  disease  who  are  at  risk  of  developing  cen- 
tral hypothyroidism. 

The  total  amount  of  hormone  in  plasma  often  does  not  reflect  its  bioavail- 
ability. This  is  because  only  the  "free  hormone"  (unbound  hormone)  appears  to 
be  available  to  the  tissues.  Accurate  measurement  of  the  free  hormone  has  been 
impeded  by  the  lack  of  availability  of  ultrapure  radioligands.  The  impurities, 
often  only  a  small  fraction  of  the  total  radioactivity,  produce  large  errors  in 
the  measurement  of  free  steroid  hormone.  These  workers  have  now  devised  a 
practical  procedure  to  separate  radioactive  impurities  from  steroid  radio- 
ligands. The  technique  employs  a  solid  phase  Sepharose-Con  A-binding  globulin 
to  precipitate  the  steroid  of  interest;  non-binding  species  are  excluded,  and 
the  binding  species  of  interest  is  purified.  This  improved  assay  system  has 
been  used  to  study  the  binding  globulins  in  a  number  of  disorders.  The  levels 
of  most  binding  globulins  are  regulated  by  specific  physiologic,  ontologic  and 
endocrinologic  factors.  For  example,  a  rapid  dose-related  response  of  sex 
hormone  binding  globulin  (SHBG)  to  treatment  with  thyroxine  was  demonstrated  in 
familial  dysalbuminemic  hyperthyroxinemia.  This  was  the  first  demonstration  of 
thyroid  hormone  responsivity  in  patients  with  this  condition.  Evidence  that 
the  adrenal  axis  modulates  SHBG  and  Cortisol  binding  globulin  (CBG)  levels  has 
also  been  obtained.  The  levels  of  both  of  these  steroid  binding  proteins 
increase  in  patients  with  Cushing's  disease  during  blockade  of  glucocorticoid 
action  with  the  receptor  antagonist  RU  486.  This  observation  suggests  that 
levels  of  these  proteins  in  plasma  may  serve  as  measures  of  response  to  ther- 
apy, and  provide  new  tools,  to  assess  the  adequacy  of  several  commonly  used 
treatment  regimens  for  glucocorticoid  excess. 

Studies  on  Growth 

The  primary  focus  of  the  current  studies  on  growth  is  to  understand  the  rela- 
tive roles  of  the  steroid  hormones  and  the  various  growth  factors  in  regulating 
skeletal  growth  and  epiphysial  maturation.  One  of  the  critical  problems  in  the 
study  of  growth  is  that  the  process  is  slow.  This  is  reflected  in  the  diffi- 
culty of  making  reliable  measurements  over  short  periods  of  time.  These  work- 
ers have  sought  to  solve  this  problem  by  using  new  devices  that  measure  the 
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length  of  a  single  bone  or  limb  segment  with  great  precision.  To  examine  the 
utility  of  these  assays,  stature  and  lower  leg  length  were  measured  in  13 
normal  prepubertal  children  at  three  week  intervals  for  one  year.  Height 
velocity  at  three  week  intervals  did  not  show  significant  differences  across 
the  year.  At  six  and  twelve  week  intervals,  spring  and  autumn  growth  veloci- 
ties were  higher;  however,  the  amplitude  of  the  variations  was  small.  These 
data  suggest  that,  contrary  to  earlier  belief,  only  minimal  variations  in 
growth  velocity  occur  during  the  year.  There  is  no  evidence  of  a  major  sea- 
sonal influence  on  growth.  Using  this  methodology,  this  group  has  begun  to 
study  the  mechanism  of  pubertal  growth.  The  primary  objective  is  to  define  the 
relative  roles  of  the  steroid  sex  hormones,  growth  hormone,  and  the  insulin- 
like growth  factors  (IGF-1,  IGF-II). 

To  evaluate  the  hypothesis  that  sex  steroids  increase  spontaneous  growth  hor- 
mone secretion,  GH  secretion  and  GH  responses  to  standard  provocative  tests 
were  measured  in  twenty-one  children  with  idiopathic  short  stature.  Eight  of 
these  children  were  pretreated  with  sex  hormone  (estrogens  for  girls,  androgens 
for  boys).  All  children  were  prepubertal  and  had  no  endocrine  abnormalities. 
The  children  who  received  sex  steroid  pretreatment  showed  a  greater  frequency 
of  growth  hormone  secretory  bursts  [6.0  ±  0.3  (SEM)  vs.  3-2  ±  0.3,  P  <  0.02]. 
The  peak  responses  of  growth  hormone  to  arginine  and  to  L-dopa  were  higher  in 
sex  hormone-treated  children  (27.3  ±  5.5  ng/ml  vs.  9.8  ±1.9,  p  <  0.02,  and 
11.M  ±  3.3  vs.  5.7  ±  2.2,  respectively).  Responses  to  insulin  and  to  GHRH, 
however,  were  not  different  between  the  two  groups.  This  data  supports  the 
concept  that  sex  steroids  stimulate  growth  hormone  secretion,  and  is  compatible 
with  the  idea  that  sex  steroids  influence  growth,  at  least  in  part,  through 
altering  secretion  of  growth  hormone.  The  dose-response  relationship  between 
sex  hormone  and  growth  was  examined  in  children  with  Turner's  syndrome.  Previ- 
ous studies  showed  that  the  dose  of  ethinyl  estradiol  yielding  optimum  growth 
in  girls  with  Turner's  syndrome  is  10  ng/kg/d.  This  is  considerably  lower  than 
the  dose  currently  recommended  by  most  textbooks.  These  investigators  have  now 
examined  the  effects  of  low-dose  estrogen  treatment  over  a  6-month  period. 
Growth  was  sustained  without  accelerating  bone  age  advancement.  This  result 
suggests  that  the  ultimate  stature  in  patients  with  Turner's  syndrome  may  be 
improved  with  low-dose  estrogen  treatment.  These  data  also  imply  that  the 
currently  recommended  regimen  may  be  harmful  and  actually  reduce  ultimate 
height,  and  the  findings  represent  an  important  advance  in  the  treatment  of 
Turner's  syndrome,  a  disorder  characterized  by  ultimately  short  stature. 

The  role  of  sex  steroids  in  pubertal  growth  has  also  been  examined  by  reducing 
sex  steroid  secretion  in  children  with  precocious  puberty  through  the  use  of  a 
long  acting  analogue  of  LHRH.  The  results  of  2  to  U  years  of  such  therapy  have 
been  examined  in  27  children  with  central  precocious  puberty.  Linear  growth 
rates  decreased  from  11.0  +  0.8  cm/yr  before  treatment  to  5.7  ±  0.4  cm/yr  after 
two  years  of  treatment  (p  <  0.025).  Predicted  heights  by  the  Bayley-Pinneau 
method  increased  from  156.4  ±  2.0  cm  before  treatment  to  162.3  ±  2.3  cm  at  two 
years  (p  <  0.001).  Five  patients  treated  for  4  years  had  a  mean  increase  in 
predicted  height  of  5.5  cm.  No  adverse  effects  have  been  observed.  This  study 
demonstrates  the  sustained  effectiveness  of  D-Trp^-ppo^-NEt-LHRH  (LHRHa)  in 
central  precocious  puberty  over  a  period  of  2  to  1  years,  with  growth  rate  and 
bone  maturation  slowing  and  predicted  height  increasing  by  5-7  cm  over  the 
first  2-4  years.  LHRHa  thus  appears  to  constitute  an  effective  long  term 
therapy  for  precocious  puberty,  and  its  effects  on  growth  are  mediated  by 
changes  in  sex  steroid  hormones. 
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The  role  of  growth  hormone  itself  has  been  explored  by  altering  its  concentra- 
tion with  growth  hormone  releasing  hormone  (GHRH).  An  additional  goal  of  these 
studies  has  been  to  determine  whether  or  not  GHRH  will  be  an  effective  thera- 
peutic agent  in  growth  hormone  deficiency  (GHD).  GHRH  has  previously  been 
shown  to  accelerate  growth  in  children.  GHRH  administration  by  infusion  pump 
or  by  intravenous  injection,  however,  is  demanding  and  laboi — intensive.  Sub- 
cutaneous administration  would  be  simpler,  but  the  relative  efficacy  of  this 
approach  is  unknown.  This  issue  was  examined  by  treating  7  prepubertal  GHD 
children  with  GHRH,  given  subcutaneously  by  pulsatile  infusion  pumps  at  3 
ug/kg/pulse  or  with  intermittent  subcutaneous  injections  three  or  four  times  a 
day.  Subjects  underwent  several  successive  6-week  treatment  periods  separated 
by  3-week  rest  intervals.  The  pumps  delivered  up  to  16  pulses/day,  and  were 
used  only  at  night.  Doses  ranged  from  1  ug/kg/day  to  27  ug/kg/day.  Height  and 
lower  leg  measurements  were  made  at  3  week  intervals.  Both  treatments  stimu- 
lated GH  secretion,  and  both  accelerated  lower  leg  growth  velocities.  Thus,  it 
is  not  necessary  to  normalize  the  daily  pattern  of  growth  hormone  secretion  to 
stimulate  growth,  and  a  once-daily  subcutaneous  injection  regimen  of  GHRH  can 
be  an  effective  treatment  for  children  with  growth  hormone  deficiency. 

Studies  on  the  Disorders  of  Puberty 

One  of  this  Branch's  primary  research  objectives  is  to  understand  the  physio- 
logic processes  underlying  the  initiation  of  puberty.  As  part  of  this  effort, 
these  investigators  have  examined  several  clinical  disorders  of  puberty.  The 
McCune-Albright  syndrome,  for  example,  comprises  a  triad  of  precocious  puberty, 
polyostotic  fibrous  dysplasia  and  cafe  au  lait  pigmentation  of  the  skin.  The 
gonadal  activity  of  these  patients  appears  to  be  independent  of  pituitary 
gonadotropin  secretion,  and  this  finding  led  to  the  hypothesis  that  some  as  yet 
unidentified  circulating  factor  is  responsible  for  the  gonadal  activation  in 
this  syndrome. 

To  test  this  hypothesis,  sera  from  patients  and  matched  control  subjects  were 
tested  in  a  rat  Sertoli  cell  FSH  bioassay.  (The  assay  measures  FSH  dependent 
aromatase  activity.)  McCune-Albright  patients  had  slightly  increased  FSH  bio- 
activity  compared  to  prepubertal  controls,  but  the  level  was  too  low  to  explain 
the  degree  of  estradiol  elevation  seen  in  this  disorder.  Patients  with  famil- 
ial male  precocious  puberty  were  examined  in  an  analogous  way,  except  that  LH 
activity  was  sought.  Sera  from  7  patients  and  from  6  prepubertal  control 
children,  matched  for  gonadotropin  level  by  RIA,  were  studied.  Testosterone 
secretion  exceeded  the  upper  limit  for  the  control  samples  in  four  patients. 
Thus,  testis  activation  in  this  disorder  may  be  caused  by  a  circulating  factor 
that  is  not  detected  by  gonadotropin  radioimmunoassay.  These  studies  provide 
new  insight  into  the  mechanisms  of  gonadotropin-independent  precocious  puberty, 
and  offer  a  foundation  upon  which  rational  therapy  can  be  based.  For  example, 
patients  with  the  McCune-Albright  syndrome  have  now  been  treated  successfully 
with  testolactone,  an  aromatase  inhibitor,  and  patients  with  familial  male 
precocious  puberty  have  been  treated  with  a  combination  of  testolactone  and  an 
antiandrogen.  The  antiandrogen  (spironolactone)  decreased  androgenic  manifes- 
tations of  precocious  puberty,  such  as  acne  and  spontaneous  erections,  but  did 
not  control  accelerated  growth  and  bone  maturation.  However,  testolactone  did 
normalize  growth  rate  and  the  rate  of  bone  maturation. 
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Studies  of  Adrenal  Function 

The  adrenal  gland  plays  an  important  role  in  growth,  development,  and  homeo- 
stasis. It  is  regulated  by  pituitary  ACTH  and,  in  turn,  hypothalamic  CRF. 
These  three  elements  of  adrenal  physiology  have  been  studied  in  several  situa- 
tions associated  with  altered  adrenal  function.  Cushing's  disease  is  caused  by 
an  ACTH-secreting  pituitary  adenoma.  Unless  accurately  diagnosed  and  treated, 
it  is  lethal,  but  our  ability  to  diagnose  and  treat  this  disorder  has  now  been 
very  much  improved.  It  was  found  that  exogenously  administered  CRF  elevates 
plasma  ACTH  and  Cortisol  in  patients  with  Cushing's  disease.  CRF  does  not  do 
this  in  patients  with  ectopic  ACTH  secretion.  The  diagnostic  accuracy  of  the 
CRF  test  in  this  situation  exceeds  85  percent.  Patients  with  Cushing's  syn- 
drome of  adrenal  etiology  have  low  levels  of  plasma  ACTH  that  also  fail  to 
respond  to  exogenous  CRF.  Thus,  the  CRF  stimulation  test  is  a  useful  diagnos- 
tic tool  in  the  differential  diagnosis  of  Cushing's  syndrome,  distinguishing 
pituitary  from  adrenal  or  ectopic  causes.  This  is  an  important  result  because 
each  lesion  requires  a  different  therapeutic  approach.  A  prospective  study  of 
this  patient  series  suggests  that  the  CRF  test  is  equal  or  superior  in  its 
predictive  value  to  the  standard  tests,  which  are  long,  cumbersome,  and  require 
hospitalization. 

Cushing's  disease  is  best  treated  by  transsphenoidal  adenomectomy.  The  cure 
rate  in  most  centers  is  about  50%,  but  this  has  now  been  improved  to  almost 
100?  by  introducing  a  new  sampling  method  used  in  association  with  CRF  admini- 
stration. The  veins  draining  the  pituitary  gland  (petrosal  sinuses)  are  sampled 
and  ACTH  is  measured  simultaneously  on  both  sides  before  and  after  CRF.  In  the 
majority  of  patients,  an  ACTH  concentration  gradient  is  found  on  the  side  of 
the  adenoma.  Thus,  the  surgeon  searches  for  the  adenoma  on  the  side  of  the 
gradient  and,  if  he  is  unable  to  find  it,  performs  a  hemipituitectomy  on  that 
side.  This  new  approach  has  increased  the  rate  of  surgical  success  to  just 
slightly  less  than  100?. 

Patients  with  psychiatric  disorders  associated  with  hypercortisolism  (depres- 
sion, panic  anxiety,  and  anorexia  nervosa)  have  decreased  plasma  ACTH  responses 
to  exogenous  CRF.  The  blunting  of  the  response  is  inversely  proportional  to 
the  degree  of  hypercortisolism.  Thus,  it  may  be  possible  to  differentiate 
patients  with  a  behavioral  disorder  (i.e.,  pseudo-Cushing' s  syndrome)  from 
patients  with  true  Cushing's  disease.  These  results  suggest  that  the  cortico- 
troph  cell  in  depression  and  anorexia  nervosa  is  stimulated  by  excess 
endogenous  CRF.  This  has  been  tested  experimentally  by  administering  a  con- 
tinuous infusion  of  CRF  to  normal  subjects.  Mild  hypercortisolism,  similar  in 
magnitude  and  secretory  pattern  to  that  seen  in  depression,  was  the  result. 
Administration  of  a  bolus  of  CRF  at  the  end  of  the  continuous  infusion  induced 
a  blunted  ACTH  and  Cortisol  response,  similar  to  that  observed  in  depression 
and  anorexia  nervosa.  In  this  regard,  the  intracerebroventricular  administra- 
tion of  CRF  to  experimental  animals  causes  behavioral  changes  which  include 
aggression,  irritability,  anorexia,  and  impotence.  These  are  the  same  manifes- 
tations observed  in  stressed  humans.  The  findings  suggest  that  CRF  may  play  a 
role  in  generating  the  symptoms  associated  with  conditions  characterized  by 
chronic  hypercortisolism.  If  this  hypothesis  is  correct,  treatment  directed 
toward  preventing  endogenous  CRF  hypersecretion  may  prove  beneficial  in  these 
conditions.  Recent  studies  suggest  that  not  all  CRF  is  hypothalamic  in  origin, 
and  the  possibility  was  examined  that  extra-hypothalamic  CRF  may  play  a  role  in 
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homeostasis  during  stress.  The  known  extra-hypothalamic  cortieotropin-rel eas- 
ing factors  appear  to  have  a  different  immunoreactivity  pattern  than  hypo- 
thalamic CRF.  Immune  system  products  such  as  interleukin  I  and  thymosin,  or 
tissue  growth  factors  such  as  epidermal  growth  factor,  are  potential  candi- 
dates. To  this  end,  these  workers  demonstrated  that  epidermal  growth  factor 
stimulates  ACTH  secretion  in  primate  pituitary  cells  j_n  vitro  at  doses  or 
concentrations  equimolar  to  those  of  CRF.  It  remains  to  be  shown  if  this 
phenomenon  has  physiologic  relevance. 

In  the  search  for  tissue  CRF(s),  two  models  of  stress  were  explored.  In  a 
surgical  model,  patients  undergoing  neck  exploration  were  examined  before, 
during  and  after  surgery.  Surprisingly,  only  mild  activation  of  the  HPA  axis 
and  the  adrenomedullary  system  were  seen  during  surgery.  ACTH  and  Cortisol 
secretion  was  continuous  rather  than  pulsatile,  the  bulk  of  ACTH  and 
epinephrine  secretion  taking  place  during  anesthesia  reversal. 

The  second  model  is  exercise.  Exercise  is  associated  with  the  "fight  or 
flight"  response,  which  is  known  to  be  activated  in  an  intensity-dependent 
fashion  that  correlates  well  with  both  the  percentage  of  maximal  oxygen  con- 
sumption, and  plasma  lactate  elevation.  A  treadmill  was  used  to  quantitate 
exercise.  Trained  subjects  could  perform  with  minimal  activation  of  the  axis, 
seemingly  the  result  of  chronic  adaptation  to  exercise  stress.  This  was  not 
true  for  sedentary  subjects.  There  was,  in  all  subjects,  a  direct  relationship 
between  exercise  intensity  and  activities  of  the  HPA  axis.  Lactate  appears  to 
be  a  good  candidate  for  the  messenger  molecule.  Lactate  stimulates  pituitary 
ACTH  secretion  _in  vitro  and  pyruvate  does  not.  Studies  that  test  the  action  of 
L-lactate  as  a  CRF  in  vitro  are  now  in  progress.  More  generally,  these  results 
show  that  exercise  and  stress  induce  parallel  responses,  and  that  the  stress 
response  can  be  controlled  by  training. 

Studies  on  Reproduction 

Studies  on  reproduction  during  the  last  year  have  concentrated  on  the  infertile 
male,  and  attention  has  been  focused  on  factors  that  could  explain  idiopathic 
infertility.  These  investigators  found  that  the  motility  of  sperm  from  infer- 
tile men  is  the  same  as  that  from  normal  matched  controls,  suggesting  that 
sperm  motion  is  not  an  important  variable.  However,  other  factors  do  seem  to 
differentiate  the  infertile  population  from  normal.  These  factors  include  the 
distribution  of  epidydimal  proteins  over  the  sperm  head  and  the  response  of  the 
sperm  to  hyposmotic  shock.  The  biochemical  abnormalities  underlying  these 
phenomena  are  unknown,  but  clarification  of  these  issues  holds  promise  for 
rational  therapy. 

The  treatment  of  hypogonadotropic  hypogonadism  has  been  traditionally  based  on 
replacement  therapy  with  hCG  and  FSH.  Recent  studies  in  other  centers  have 
suggested  that  LHRH  given  in  a  pulsatile  fashion  from  an  external  pump  may  be 
superior  to  the  standard  regimen  of  gonadotropins.  This  group  explored  this 
concept  using  a  dose-response  study  of  the  effect  of  LHRH  on  testis  size  and 
sperm  count.  The  results  show  that  testis  size  is  improved  by  the  pump  compared 
to  the  standard  regimen,  but  that  the  sperm  counts  are  not  different.  Since 
pump  treatment  is  exceedingly  labor-intensive,  it  appears  that  the  traditional 
treatment  may  be  preferable. 
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Endocrlnology  and  Reproduction  Research  Branch — 
Kevin  Catt,  M.D.,  Ph.D.,  Chief 

The  research  projects  of  the  Endocrinology  and  Reproduction  Research  Branch  are 
directed  at  the  elucidation  of  cellular  mechanisms  involved  in  hormone  secre- 
tion and  action,  and  at  the  investigation  of  normal  and  disordered  function  of 
the  hypothalamic-pituitary  system  and  its  effects  upon  gonadal  and  adrenal 
function.  These  projects  include  studies  on  the  characterization  of  peptide 
hormones  and  their  cellular  receptors;  the  structure-function  relationships  of 
peptide  and  glycoprotein  hormones;  the  regulation  of  hormone  biosynthesis  and 
secretion;  and  the  mechanisms  of  peptide  hormone  action  in  endocrine  target 
cells.  Of  particular  interest  are  the  analysis  of  pituitary-gonadal  and  pitui- 
tary-adrenal regulation,  the  control  of  ovarian  activity  during  the  reproduc- 
tive cycle  and  pregnancy,  and  the  participation  of  hormone  receptors  in  the 
regulation  of  pituitary,  gonadal,  and  adrenal  function.  In  the  current  year, 
research  has  been  extended  in  several  areas  of  hormone  secretion  and  action, 
and  on  the  receptor-mediated  processes  that  are  responsible  for  the  control  of 
steroid  production  in  endocrine  target  cells.  The  role  of  hormones  in  cellular 
regulation  has  also  been  examined  in  selected  areas  of  normal  and  disordered 
human  endocrine  function,  and  in  appropriate  animal  model  systems  for  the 
analysis  of  peptide  secretion  and  the  stimulatory  and  inhibitory  control  of 
target-cell  function.  The  staff  of  the  Branch  share  common  interests  in  the 
secretion  and  mechanisms  of  action  of  peptide  and  glycoprotein  hormones,  the 
role  of  neuropeptides  in  hypothalamic-pituitary  regulation,  the  control  of 
gonadal  and  adrenal  function  by  pituitary  hormones,  the  renin-angiotensin 
system  and  aldosterone  secretion,  and  the  role  of  phosphorylation  in  metabolic 
regulation. 

The  section  led  by  Kevin  Catt  undertakes  research  on  the  control  of  endocrine 
target  cells  by  peptide  hormones,  in  particular  the  characterization,  regula- 
tion, and  activation  mechanisms  of  membrane  receptors  for  gonadotropins, 
angiotensin  II,  gonadotropin-releasing  hormone  (GnRH) ,  and  corticotropin-re- 
leasing  facotor  (CRF).  The  receptor-mediated  actions  of  gonadotropin-releasing 
hormone  (GnRH)  and  other  regulators  of  pituitary  hormone  secretion  are  studied 
in  cultured  anterior  pituitary  cells. 

In  the  pituitary  gland,  GnRH  receptors  exhibit  prominent  variations  in  number 
during  the  ovarian  cycle  and  after  changes  in  steroid  feedback,  and  are  modu- 
lated by  the  rate  of  GnRH  secretion  from  the  hypothalamus.  In  cultured  pitui- 
tary cells,  GnRH  receptors  undergo  down-regulation  during  exposure  to  GnRH 
agonists,  followed  by  a  subsequent  increase  in  the  receptor  number  that  is 
dependent  on  protein  synthesis.  GnRH  antagonists  do  not  cause  receptor  down- 
regulation,  but  high  affinity  antagonist  analogs  bind  for  extended  periods  to 
cause  receptor  occlusion  and  prolonged  inhibition  of  GnRH  action.  Analysis  of 
the  rat  pituitary  GnRH  receptor  by  photoaf f inity  labeling  has  revealed  two 
binding  subunits  of  Mr  53,000  and  42,000.  The  receptor-activated  processes 
leading  to  gonadotropin  secretion  are  highly  calcium  dependent,  and  are  initi- 
ated by  rapid  phospholipid  hydrolysis  with  production  of  arachidonic  acid 
metabolites,  diacyl-glycerol ,  and  inositol  phosphates.  The  role  of  protein 
kinase  C  in  gonadotrophin  secretion  is  indicated  by  the  ability  of  phorbol 
esters  and  synthetic  diacylglycerols  to  stimulate  LH  release,  and  by  the 
redistribution  of  protein  kinase  C  between  cytosol  and  membrane  fractions  in 
GnRH-stimulated  gonadotrophs. 


-108- 


It  is  likely  that  the  effects  of  arachidonate  metabolites  are  integrated  with 
those  of  calcium-calmodulin  and  calcium,  phospholipid-dependent  protein  kinases 
during  the  immediate  and  sustained  phases  of  GnRH-induced  gonadotrophin  secre- 
tion. Studies  with  dihydropyridine  calcium  channel  agonist  and  antagonist 
derivatives,  and  measurements  of  cytoplasmic  calcium  in  Quin-2-loaded  cells, 
revealed  that  increases  in  intracellular  calcium  via  voltage-sensitive  calcium 
channels  partially  reproduce  GnRH  action,  and  suggest  that  GnRH  causes  activa- 
tion of  such  channels  in  the  gonadotroph.  The  increase  in  cytoplasmic  calcium 
during  GnRH  action  also  originates  in  part  from  mobilization  of  internal  cal- 
cium stores,  and  its  relatively  small  magnitude  is  consistent  with  the  con- 
comitant activation  of  protein  kinase  C  as  an  intermediate  step  in  GnRH  action. 

The  hormonal  control  of  gonadal  endocrine  function  by  gonadotropins  and  growth 
factors  was  studied  in  ovarian  and  testicular  target  cells.  The  mechanisms  of 
hormonal  control  of  granulosa-cell  maturation,  and  the  production  of  specific 
receptors  and  other  proteins  that  mediate  hormone  action  in  cells  of  the  repro- 
ductive system,  were  analyzed  in  cultured  granulosa  cells.  Studies  with  estro- 
gen antagonists  showed  that  the  cAMP-mediated  production  of  LH  receptors  in 
FSH-stimulated  granulosa  cells,  demonstrated  in  earlier  studies,  was  dependent 
upon  the  continued  actions  of  estrogen  throughout  the  maturation  process.  In 
addition,  the  ability  of  aromatase  inhibitors  to  prevent  LH  receptor  expression 
revealed  that  sustained  production  of  estrogen  by  the  maturing  target  cells  was 
essential  for  FSH-induced  granulosa  cell  differentiation.  The  inhibitory 
action  of  GnRH  on  ovarian  function  was  found  to  be  reproduced  by  activators  of 
protein  kinase  C,  indicating  that  this  enzyme  has  a  major  role  in  GnRH  action 
in  the  ovary  as  well  as  in  the  pituitary  gland.  In  immature  granulosa  cells, 
phorbol  esters  suppressed  FSH-induced  aromatase  activity  and  cellular  aggregaH 
tion  and  caused  translocation  of  protein  kinase  C  from  cytosol  to  other  cellu- 
lar compartments.  Synthetic  diacylyglycerols  also  prevented  FSH-induced  LH 
receptor  expression  and  progesterone  production,  but  had  less  inhibitory  effect 
than  phorbol  esters  on  cell  aggregation  and  aromatase  activity,  and  did  not 
cause  redistribution  of  protein  kinase  C.  The  prominent  suppression  of  granul- 
osa cell  differentiation  by  phorbol  esters  reflects  their  rapid  and  prolonged 
action  on  protein  kinase  C.  In  contrast  to  such  inhibitory  effects  in  the 
immature  granulosa  cell,  activation  of  protein  kinase  C  in  more  differentiated 
cells  caused  stimulation  of  cyclic  AMP  formation  and  progesterone  synthesis. 
Thus,  in  the  mature  granulosa  cell,  the  calcium,  phospholipid-dependent  enzyme 
is  also  involved  in  the  regulation  of  steroidogenesis  by  hormonal  ligands 
including  gonadotropins  and  GnRH. 

The  properties  of  angiotensin  II  (All)  receptors  were  studied  in  the  adrenal 
zona  glomerulosa,  and  the  mechanisms  leading  to  stimulation  of  steroidogenesis 
were  analyzed  in  isolated  glomerulosa  cells  from  the  rat  and  bovine  adrenal 
cortex.  All  receptors  were  further  characterized  by  photoaff inity  labeling 
with  a  C-terminal  azido  All  derivative,  which  possessed  high  labeling  effi- 
ciency and  was  applied  to  the  analysis  of  receptors  in  several  target  tissues. 
Isolation  of  the  photolabeled  All  receptor  of  the  bovine  adrenal  gland  was 
pursued  by  detergent  solubilization  and  fractionation  by  ion  exchange,  lectin- 
affinity,  and  immunoaff inity  chromatography.  Studies  on  the  actions  of  All 
revealed  that  the  calcium  channel  agonist,  BAY  K  8644,  increased  basal 
aldosterone  production  and  enhanced  the  responses  to  All  and  K+  in  a  different 
tial  manner,  by  increasing  the  maximum  aldosterone  response  to  All  but  not  to 
K+.  These  findings  suggest  that  voltage-sensitive  calcium  channels  are  par- 
tially operative  under  basal  conditions  and  are  further  activated  by  All  and 
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K+ .  Elevation  of  cytoplasmic  calcium  by  All  also  depends  upon  mobilization  of 
intracellular  calcium  stores  by  the  products  of  ligand-stimulated  phospho- 
inositide  turnover.  Microsomal  receptors  for  the  putative  mediator  of  calcium 
mobilization,  inositol-1 , ^,5-trisphosphate  (IP?)  were  identified  in  adrenal 
microsomes  by  binding  studies  with  [32P]IP,f  and  show  high  specificity  and 
affinity  (Kd  5  nM)  as  well  as  low  capacity  for  IP-,.  The  generation  of 
inositol-1 , 4, 5-trisphosphate  from  phosphatidylinositol  bisphosphate  during  All 
action  was  extremely  rapid  and  was  accompanied  by  significant  production  of  IPp 
and  inositol-4-monophosphate  as  well  as  formation  of  the  inactive  IPo  isomer, 
inositol-^  , 3, 4-trisphosphate.  The  finding  that  IPo  is  rapidly  degraded  to 
Ins-4-P  contrasts  with  the  previous  view  that  Ins-1-P  is  the  major  metabolic 
product,  and  indicates  that  Ins-4-P  serves  as  a  marker  of  polyphosphoinositide 
turnover.  The  IP^-receptor  system  and  the  activation  of  voltage  sensitive 
calcium  channels  are  the  major  mechanisms  involved  in  the  regulation  of  intra- 
cellular calcium  by  All  and  potassium,  respectively,  in  the  adrenal  zona 
glomerulosa  cell. 

The  section  directed  by  Greti  Aguilera  investigates  the  physiological  and 
pathological  aspects  of  the  renin-angiotensin  system,  with  emphasis  on  the  role 
of  All  in  the  regulation  of  aldosterone  secretion  and  circulatory  homeostasis. 
All  mediates  the  increases  in  aldosterone  secretion  and  circulatory  homeo- 
stasis. All  mediates  the  increases  in  aldosterone  secretion  during  sodium 
restriction,  but  the  adrenal  effects  of  the  peptide  are  dependent  on  the  sensi- 
tivity of  the  glomerulosa  cell  to  All.  In  addition  to  the  modulatory  action  of 
somatostatin  and  dopaminergic  mechanisms  as  possible  regulators  of  the  adrenal 
sensitivity  to  All,  atrial  natriuretic  factor  (ANF)  is  a  potent  inhibitor  of 
aldosterone  secretion.  As  well  as  exerting  a  preferential  inhibitory  effect  on 
All-stimulated  aldosterone  secretion  _in  vitro,  ANF  was  shown  to  antagonize  the 
in  vivo  response  of  plasma  aldosterone  to  All  infusion  and  sodium  restriction, 
while  ACTH-dependent  aldosterone  stimulation  was  unaffected.  These  actions  of 
ANF  provide  further  support  for  a  role  of  the  peptide  in  the  regulation  of 
adrenal  responsiveness  to  All.  Studies  on  the  mechanism  of  action  of  All 
revealed  a  calcium/calmodulin  protein  kinase  that  phosphor ylates  a  100  kDa 
cytosolic  protein  in  the  adrenal  glomerulosa  zone.  This  enzyme  is  different 
from  myosin  light  chain  kinase  and  its  activity  was  found  to  be  regulated  by 
All.  Previous  studies  demonstrating  the  presence  of  All  receptors  in  the  rat 
brain  were  extended  to  the  primate.  In  monkey  brain,  All  receptors  were  found 
in  the  circumventricular  organs  and  other  limbic  structures,  all  related  to  the 
regulation  of  water  intake,  blood  pressure  and  autonomic  function.  In  the  rat 
pituitary  gland,  All  stimulates  prolactin  secretion  after  binding  to  specific 
receptors  located  in  the  lactotrophs.  In  contrast  to  the  adrenal  and  vascular 
All  receptors,  pituitary  receptors  were  unaffected  by  changes  in  sodium  diet 
and  plasma  All  levels,  but  were  regulated  by  estrogens.  Incubation  of  pituitary 
cells  with  estradiol  increased  prolactin  responses  to  All  but  caused  a  time  and 
dose-dependent  decrease  in  All  receptors,  indicating  that  the  major  regulatory 
effects  of  estrogens  are  exerted  at  post-receptor  sites  in  the  pituitary 
lactotroph. 

Studies  on  the  mechanisms  of  neuroendocrine  regulation  have  focused  on  the 
actions  of  corticotropin  releasing  factor  (CRF)  receptors,  and  the  interactions 
of  CRF  with  other  ACTH  regulators  including  vasopressin  (VP)  ,  angiotensin  II 
(All),  norepinephrine  and  glucocorticoids.  Previous  studies  revealed  that  the 
increases  in  plasma  ACTH  after  adrenalectomy  are  accompanied  by  pituitary  CRF 
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receptor  down-regulation  and  desensitization.  Further  research  in  rats  receiv- 
ing CRF  infusion  has  demonstrated  that  sustained  exposure  of  the  pituitary  to 
CRF  causes  CRF  receptor  loss  and  a  specific  decrease  in  CRF-stimulated 
adenylate  cyclase  activity,  which  could  partially  account  for  the  changes 
following  adrenalectomy. 

CRF  receptors  were  previously  demonstrated  in  the  rat  brain.  Current  studies 
in  the  monkey  have  shown  the  presence  of  CRF  receptors  in  the  cerebral  cortex, 
limbic  system,  and  related  areas  of  the  primate  brain.  In  the  peripheral 
nervous  system,  the  importance  of  CRF  receptors  in  the  adrenal  medulla  was 
emphasized  by  studies  in  isolated  bovine  chromaffin  cells  which  demonstrated 
the  ability  of  CRF  to  stimulate  catecholamine  and  met-enkephalin  secretion.  The 
interactions  between  ACTH  regulators  and  their  mechanism  of  action  were  ana- 
lyzed in  rat  pituitary  cells.  In  addition  to  the  cyclic  AMP-dependent  mecha- 
nisms by  which  CRF  stimulates  the  corticotroph,  activators  of  protein  kinase  C 
such  as  phorbol  esters,  synthetic  diacylglycerol  and  phospholipase  C  were  found 
to  stimulate  ACTH  secretion.  This  effect  was  additive  to  the  stimulatory 
effect  of  CRF,  but  not  to  those  of  VP,  All  and  norepinephrine,  suggesting  the 
involvement  of  protein  kinase  C  in  the  action  of  cyclic  AMP-independent  stim- 
uli. In  studies  on  glucocorticoid  feedback,  experiments  in  isolated  pituitary 
cells  demonstrated  that  the  biphasic  inhibitory  pattern  of  ACTH  secretion 
observed  i_n  vivo  also  occurs  _in  vitro  in  the  corticotroph.  The  two  inhibitory 
components  have  different  kinetics  and  sensitivity  to  corticosterone  .and  proba- 
bly involve  different  mechanisms  of  action  of  glucocorticoids  in  the  cortico- 
troph. 

M.  Dufau  and  her  colleagues  investigate  the  molecular  basis  of  peptide  hormone 
action,  with  particular  emphasis  on  the  characterization  of  gonadotropin 
receptors,  activation  of  steroid  biosynthesis  in  gonads  and  adrenal,  and  analy- 
sis of  the  biological  activity  of  circulating  gonadotropins.  A  major  aspect  of 
this  program  is  concerned  with  the  characterization  of  gonadal  gonadotropin  and 
prolactin  receptors,  and  of  the  physical  and  functional  relationships  of  the  LH 
receptor  site  and  adenylate  cyclase.  Microgram  quantities  of  active  lactogen 
receptors  were  purified  from  rat  ovaries  and  subjected  to  structural  and  bind- 
ing studies.  The  receptor  is  composed  of  two  dissimilar  subunits  of  Mr  88,000 
and  40,000,  the  latter  being  probably  an  integral  part  of  the  larger  form. 
Aggregation  of  receptor  subunits  and/or  holoreceptor  was  suggested  by  FLPC 
fractionation  of  the  free  receptor  in  the  presence  of  non-ionic  detergents. 
Free  receptors  showed  binding  activity  of  Mrs  150,000  and  250,000,  and 
aggregates  dissociated  upon  SDS/mercaptoethanol  treatment  into  the  lower  mo- 
lecular forms.  These  could  represent  dimeric  and  triraeric  forms  of  the 
holoreceptor  (80,000).  A  method  for  iodination  of  purified  prolactin  receptor 
with  preservation  of  binding  activity  was  used  to  corroborate  the  Mr's  of  the 
free  receptor  and  hormone-receptor  complexes  after  crosslinking  the  'z->i- 
receptor  with  unlabeled  hormone.  The  results  confirmed  values  initially  ob- 
tained by  crosslinking  experiments  using  labeled  hormone  and  unlabeled 
receptor.  When  radiolabeled  receptor  was  used  for  studies  on  receptor  subunit 
aggregation,  dimeric  and  trimeric  forms  were  observed.  These  findings  indicate 
that  the  detergent  soluble  receptor  appears  to  contain  aggregated  forms  of 
holoreceptors.  The  potential  for  aggregation  of  subunits  and/ or  holoreceptors 
is  suggested  by  these  findings,  and  the  mechanism  by  which  aggregation  or  clus- 
tering of  prolactin  receptors  would  trigger  the  biological  response  remains  to 
be  elucidated.  Chromatofocusing  of  free  receptors  showed  three  isoforms  of  pi 
4.0,  5.0  and  5.3,  indicating  glycoprotein  and/or  phosphorylation  heterogeneity. 
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The  LH/hCG  receptor  was  also  purified,  by  sequential  wheat  germ  lectin- 
Sepharose  and  hCG  Sepharose  chromatography,  which  also  allows  purification  of 
lactogen  receptor  from  the  initial  starting  material.  The  LH  receptor  was 
identified  as  a  single  protein  of  Mr  70,000.  This  technique  is  simple  and 
allows  purification  of  microgram  amounts  of  active  receptor  suitable  for  struc- 
tural studies,  microsequencing,  and  functional  reconstitution  studies. 

The  receptor-mediated  actions  of  gonadotropins  and  other  hormones  were  further 
analyzed  in  the  testicular  Leydig  cell.  The  inability  of  the  fetal/ immature 
Leydig  cell  to  be  desensitized  by  gonadotropin,  a  characteristic  of  the  adult 
cell,  is  due  to  the  absence  of  an  estradiol-mediated  regulation  of  the  androgen 
pathway  (17  a-hydroxylase/1 7/20  demolase).  In  fetal  rat  Leydig  cell  cultures 
employed  to  analyze  this  differential  response,  estradiol  caused  an  up-regula- 
tion  of  its  receptor  and  an  induction  of  the  regulatory  mechanism  of  the  andro- 
gen pathway.  The  absence  of  this  endogenous  regulation  in  fetal  life  is  due  to 
very  low  levels  of  aromatase  activity,  undetectable  estradiol  production,  and 
consequent  low  levels  of  estradiol  receptor.  The  above  explains  the  low  levels 
of  estradiol  regulated  27K  protein  that  is  present  in  fetal  cells  and  increased 
by  E2  treatment.  This  long-lived  protein  is  undetectable  post-natally  and 
increases  with  age,  and  is  present  in  the  cytoplasmic  matrix  near  the  cisternae 
of  rough  and  smooth  endoplasmic  reticulum.  Future  research  with  this  system 
will  help  to  clarify  mechanisms  responsible  for  emergence  of  the  adult  cell 
population.  These  cultures  were  also  used  for  studies  on  GnRH  agonists,  which 
cause  a  lesion  of  microsomal  enzymes  that  markedly  inhibits  steroid  production. 
GnRH  receptors  were  undetectable  in  fetal  testes,  appeared  post-natally  and 
increased  with  age.  In  fetal  cultures,  GnRH  receptors  were  up-regulated  by 
GnRH  and  reduced  by  LH  treatment.  Thus,  GnRH-related  peptides  acting  via  GnRH 
receptors  can  influence  the  actions  of  LH  on  the  fetal  Leydig  cell  population. 
Opiate  receptors  and  actions  were  found  to  be  present  in  Sertoli  cells.  Opiate 
up-regulated  its  receptor  and  reduced  FSH-stimulated  androgen  binding  protein. 
Opioids  of  Leydig  cell  origin  may  modulate  Sertoli  cell  function  and  influence 
the  transport  of  testosterone  to  germinal  cells.  Testicular  converting  enzyme 
in  mature  rats  was  mainly  associated  with  germinal  cells  (spermatids),  results 
consistent  with  the  effects  of  hormonal  treatment.  In  contrast,  the  Leydig 
cells  contain  low  quantities  of  converting  enzyme,  about  5%  of  the  amount 
present  in  spermatids.  Thus,  locally  produced  angiotensin  II  could  modulate 
the  control  of  Leydig  cell  secretion  and  tubule  function  by  gonadotropins. 

The  bioassay  of  serum  LH  and  hCG  was  applied  to  further  studies  on  the  secre- 
tion of  bioactive  LH.  The  bioactivity  of  circulating  LH  appears  to  be  rapidly 
modulated  by  gonadal  steroids  [i.e.,  normal  men  have  higher  B:I  (bioactive: im- 
munoreactive  ratio)  than  cycling  females;  castration  in  rats  decreases  the 
B:I].  Also,  the  decrease  in  B:I  of  LH  in  castrated  animals  and  differences  in 
B:I  observed  in  men  vs.  cycling  females  could  be  related  to  increased  LH  secre- 
tion and/or  production  rate.  Previous  estimates  of  LH  blood  production  derived 
from  immunoassay  data  markedly  underestimated  the  quantity  of  bioactive  LH 
secreted  in  man.  The  estimated  bioactive  blood  production  rate  is  about  30 
fold  higher  than  for  LH  immunoactivity ,  values  that  are  in  accord  with  the 
plasma  B:1  ratio  of  H  in  normal  men.  The  metabolic  clearance  rate  for  LH 
bioactivity  was  33?  less  than  that  for  immunoactivity.  These  results  indicate 
that  high  endogenous  production  rates  represent  a  predominant  factor  responsi- 
ble for  the  high  B:I  ratio  characteristic  of  plasma  LH  in  normal  men.  In  the 
female,  as  previously  observed  with  testosterone  pulsation  in  men,  it  is  un- 
likely that  a  temporal  relationship  exists  between  individual  bioactive  LH  and 


-112- 


pulses  of  progesterone  secreted  by  the  late  corpus  luteum.  Tn  both  sexes, 
opioids  slow  GnRH  pulses  at  the  hypothalamic  level  and  cause  inhibition  of  LH 
secretion.  The  opiate  antagonist,  naltrexone,  increases  pulse  frequency  and 
mean  integrated  bioactive  LH.  Dissection  of  an  early  releasable  LH  pool  by  a 
single  dose  of  IV  naloxone  could  be  of  value  to  complement  the  GnRH  test  in 
physiopathological  exploration  of  hypothalamic  function  in  man.  Steroids  can 
modify  GnRH  secretion  and  estradiol  replacement  reinstates  opioid  suppression 
of  bioactive  LH  secretion  in  orchidectomized  patients  with  testicular  femin- 
ization. Also,  direct  inhibitory  effects  of  opioids  on  LH  secretion,  through 
high  affinity  pituitary  receptors,  could  further  modulate  LH  bioactivity. 
Using  an  jji  vitro  lactogen  bioassay,  definite  prolactin  pulsations  were  de- 
tected at  all  stages  of  the  cycle  and  B:I  ratios  were  below  or  near  unity.  In 
contrast,  serum  B:I  ratios  were  elevated  during  the  rat  proestrus  surge. 
Prolactin  biopotency  is  much  higher  in  the  rat  than  in  the  human  and  increases 
at  proestrous,  reflecting  the  physiological  relevance  of  this  hormone  to  luteal 
function  in  this  species. 

The  section  led  by  C.  Strott  investigates  the  physiology  and  regulation  of 
adrenal  steroidogenesis,  focusing  on  the  characterization  of  cellular  steroid 
binding  proteins  and  soluble  factors  which  mediate  steroidogenic  responses  to 
ACTH,  and  the  analysis  of  cellular  mechanisms  of  cholesterol  utilization  in 
steroid  biosynthesis.  The  guinea  pig,  a  cortisol-producing  species,  is  em- 
ployed as  a  model  for  studies  on  the  regulation  of  steroidogenesis  in  the 
adrenal  cortex,  and  the  development  and  regulation  of  cellular  zonation  in  the 
adrenal  cortex. 

The  adrenal  cortex  of  the  guinea  pig  is  composed  of  chromatically  distinct 
outer  and  inner  zones  which  can  be  separated  by  microdissection.  In  studies 
exploring  the  responsivity  of  the  two  zones  to  ACTH,  these  investigators  have 
made  the  following  observations:  1)  There  is  no  steroidogenic  response  to  ACTH 
by  cells  isolated  from  the  inner  zone;  2)  cholesterol  side-chain  cleavage 
activity  (rate-limiting  in  steroidogenesis)  is  significantly  lower  in  the  inner 
zone  and  is  not  modulated  by  ACTH,  stress,  or  chronic  dexamethasone  suppres- 
sion; 3)  the  content  of  cholesterol  is  3~^  times  higher  in  the  outer  zone. 
Thus,  the  guinea  pig  presents  an  interesting  animal  model  in  which  to  investi- 
gate steroidogenesis,  cholesterol  metabolism,  and  the  mechanism  of  action  of 
ACTH  by  performing  experiments  on  the  two  adrenocortical  zones  in  a  parallel 
fashion.  The  regulation  of  adrenocortical  steroidogenesis  by  ACTH  is  complex 
and  only  partially  understood.  The  accepted  obligatory  steps  include:  Stimula- 
tion of  plasma  membrane  adenylate  cyclase,  increase  in  intracellular  cAMP,  and 
activation  of  cAMP-dependent  protein  kinase.  The  role  of  other  kinases  such  as 
Ca^+/calmodulin-and  Ca  /phospholipid-dependent  protein  kinase  is  less  clear.  A 
large  number  of  proteins  (membranous  and  soluble)  which  are  phosphorylated  in 
response  to  ACTH  have  been  reported.  To  date,  however,  no  regulatory  phospho- 
protein  has  been  identified.  Phosphoprotein  phosphatases  have  not  been  exam- 
ined. Based  on  the  use  of  inhibitors  of  protein  and  RNA  synthesis,  a  critical 
role  for  protein  synthesis  in  the  stimulation  of  adrenal  steroidogenesis  by 
ACTH  has  been  proposed.  '  Adrenal  steroid  production  is  rapidly  activated  and 
deactivated  (-2  min);  such  a  process  is  considered  too  rapid  to  involve  regula- 
tion at  the  level  of  translation.  Regulation  would,  however,  be  compatible 
with  protein  modification.  It  is  now  well  established  that  the  covalent  modi- 
fication of  protein  is  a  crucial  mechanism  by  which  cellular  processes  are 
regulated.   It  is  essential  to  identify  and  characterize  the  modified  (e.g., 
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phosphorylated  or  dephosphorylated)  steroidogenic  regulatory  protein.  This  is 
the  goal  of  the  comparative  approach,  using  the  guinea  pig  adrenal  cortex 

model . 

The  role  of  non-catalytic  proteins  in  the  adrenocortical  steroidogenic  process 
is  uncertain.  Non-catalytic  proteins  have  been  implicated  in  a  variety  of 
mechanisms  such  as  regulation  of  cholesterol  side-chain  cleavage  activity  (the 
rate-limiting  step  in  steroidogenesis),  cholesterol  and  pregnenolone  transport 
mechanisms,  and  secretory  processes.  However,  no  non-catalytic  protein  has  yet 
been  completely  isolated  and  characterized  in  the  adrenal  cortex,  and  the 
elusive  steroidogenic  regulatory  protein  remains  to  be  identified.  The  adrenal 
cortex  of  the  guinea  pig  contains  specific  steroid-binding  proteins  which  have 
been  only  partially  purified  and  characterized;  their  function  is  as  yet  unde- 
termined. For  instance,  there  are  proteins  which  specifically  bind  choles- 
terol, cholesteryl  sulfate,  pregnenolone,  and  pregnenolone  sulfate.  These 
proteins  are  of  great  interest  because  the  rate-limiting  reaction  in  steroido- 
genesis is  the  conversion  of  cholesterol  to  pregnenolone  or  cholesteryl  sulfate 
to  pregnenolone  sulfate.  The  pregnenolone  binding  protein,  which  is  isolated 
from  the  high  speed  soluble  fraction,  has  been  purified  to  the  greatest  extent, 
but  the  best  current  preparations  still  contain  numerous  contaminants.  To 
purify  the  pregnenolone-binding  protein  further,  two  approaches  are  currently 
being  used  by  this  group:  1)  Development  of  an  affinity  probe,  2)  generation 
of  antibodies  to  proteins  electroeluted  from  sodium  dodecyl  sulfate  gel  slices. 
Several  antisera  have  now  been  generated  by  Strott  et  al .  which  are  presently 
being  examined  by  Western  blot  analysis  as  well  as  for  interaction  with  the 
pregnenolone-binding  protein  using  the  technique  of  sucrose  density  gradient 
analysis.  It  is  planned  in  the  near  future  to  utilize  high  performance  liquid 
chromatography  for  purifying  isolated  gel  protein  bands.  In  addition  to  puri- 
fying steroid-binding  proteins,  it  is  becoming  increasingly  apparent  that  it  is 
necessary  to  isolate  and  characterize  selected  phosphoproteins.  The  latter 
task  will  be  difficult  and  time-consuming,  but  necessary  if  a  specific  func- 
tional significance  is  to  be  ascertained  for  a  particular  phosphorylated  (or 
dephosphorylated)  protein. 

H.  C.  Chen's  section  conducts  research  on  the  analysis,  synthesis,  and  struc- 
ture-function relationships  of  biologically  active  peptides  and  proteins.  This 
work  includes  the  identification  and  synthesis  of  unusual  structures  and  se- 
quences in  amino  acids  and  peptides,  and  the  development  of  new  techniques  for 
peptide  sequencing  and  synthesis. 

A  peptide  sequence  in  proteins,  -Pro-Lys-Lys-Lys-Arg-Lys-Val- ,  known  to  be 
associated  with  translocation  of  proteins  into  the  nucleus,  was  synthesized  as 
an  N-trif luoroacetylated  sulfohydroxysuccinimido  ester.  After  coupling  to 
avidin  and  removal  of  trifluoracetyl  groups  by  piperidine,  a  conjugate  was 
obtained  that  has  two  peptide  units  linked  through  the  COOH-terminal  group  of 
the  peptide  to  two  e-NH2-groups  in  the  tetrameric  avidin  molecule.  This  conju- 
gate exhibited  full  biotin-binding  activity.  Similarly,  a  peptide  of  22  amino 
acid  residues,  designated  as  Differentiation  Peptide  B,  was  synthesized  by  a 
solid  phase  method  and  derivatized  as  the  aNe-trif luoroacetyl  pentaf luorophenyl 
ester,  and  then  conjugated  to  bovine  thyroglobulin.  In  both  cases,  defined 
linkages  between  peptide  and  protein  were  achieved. 
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Further  research  was  performed  on  the  biological  properties  of  dimeric  gonado- 
tropin releasing  hormone  agonists  and  antagonists.  Dimeric  des-Gly10-[D-Lys°]- 
GnRH-NHEt,  cross-linked  at  the  e-amino  group  with  -Glyn-COCH2-CO-Glyn-(n=0,  1, 
2),  exhibited  increased  biological  activities  and  mast  cell  histamine  releasing 
activity  as  compared  to  the  monomer.  However,  a  dimer  (n=1)  was  found  to 
display  a  substantial  increase  in  a  post-coital  antif ertility  effect  as  com- 
pared to  the  increase  of  histamine  releasing  side-effects.  A  similar  approach 
was  taken  to  the  synthesis  and  purification  of  dimers  of  a  GnRH  antagonist  of 
the  following  sequence:  Ac-D-pC1Phe-D-pCLPhe-D-Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro- 
D-Ala-NH2.  Antisera  against  the  agonist  and  the  antagonist  monomers  were  also 
generated. 

In  other  sequencing  studies,  determination  of  the  amino  acid  composition  and 
partial  amino  acid  sequence  of  induced  NAD(P)H:menadione  oxidoreductase  allowed 
deduction  of  the  correct  reading  frame  of  the  cloned  cDNA. 

In  work  on  the  role  of  carbohydrate  structures,  Chen  et  al .  examined  the  effect 
of  such  structures  in  human  chorionic  gonadotropin  (hCG)  on  gonadotropic  action 
and  subunit  association.  Production  and  purification  of  hCG  specific  antibod- 
ies were  also  undertaken.  The  measurement  of  the  rate  of  fluorescence  enhance- 
ment of  l-anilinonaphthyl-8-^sulfonate,  when  complexed  with  intact  or  HF- 
deglycosylated  hCG,  revealed  that  the  subunits  of  deglycosylated  hCG  reassoci- 
ated  nearly  10-fold  faster  than  unmodified  subunits.  Studies  on  the  reassoci- 
ation  rate  of  hybrid  subunits  from  the  intact  B-subunit  of  ovine  luteinizing 
hormone  and  subunits  of  intact  and  modified  hCG  suggest  that  carbohydrate 
moieties  in  the  a-subunit  dominate  the  reassociation  behavior.  Antibodies 
raised  against  HF-deglycosylated  hCG,  and  a  bivalent  F(ab')2  fragment  prepared 
and  purified  from  a  sequence-specific  anti-carboxymethylated  hCGg  antibody, 
were  shown  to  enhance  stimulation  of  cAMP  and  progesterone  production  in  rat 
differentiated  granulosa  cells  preincubated  with  the  modified  hCG.  These  find- 
ings are  consistent  with  the  notion  that  hormonal  activation  may  be  caused  by 
cross-linking  and/ or  microaggregation  of  the  HF-hCG: receptor  complex.  However, 
antibodies  which  bind  to  an  appendage  of  HF-hCG  which  is  too  flexible  and 
distant  from  the  complex,  or  which  have  the  ability  to  strip  off  hormone  from 
the  receptor  complex,  were  ineffective  in  eliciting  activation. 

The  section  directed  by  K.  P.  Huang  studies  the  regulation  and  hormonal  control 
of  glycogen  metabolism  in  normal  and  diabetic  tissues,  and  the  activities  of 
glycogen  synthase,  phosphorylase  kinase,  and  protein  kinase  C.  Phosphoryl- 
ation-dephosphorylation  of  proteins  is  one  of  the  most  important  mechanisms  for 
the  regulation  of  cellular  functions.  Protein  kinase  C,  a  Ca2+/phospholipid- 
dependent  protein  kinase,  has  emerged  as  a  pivotal  regulatory  element  for  cell 
growth,  differentiation,  gene  expression,  hormone  secretion,  cell  surface 
receptor  function,  and  cellular  metabolism.  This  protein  kinase  can  be  acti- 
vated by  diacylglycerol ,  a  second  messenger  generated  by  "signal"-induced 
breakdown  of  phosphoinositides.  In  addition,  protein  kinase  C  has  been  identi- 
fied as  a  receptor  for  tumor-promoting  phorbol  esters,  which  elicit  pleiotropic 
responses  comparable  to  those  induced  by  many  hormones  and  growth  factors. 
During  the  past  year,  three  isozymic  forms  of  rat  brain  protein  kinase  C  have 
been  purified  to  near  homogeneity.  Polyclonal  and  monoclonal  antibodies 
against  these  enzymes  were  prepared  to  permit  an  immunochemical  characteriza- 
tion. These  isozymes  are  distinguishable  by  peptide  mapping  and  immunological 
analysis,  indicating  that  they  are  products  of  different  genes.  The  various 
protein  kinase  C  isozymes  were  found  to  be  enriched  in  different  regions  of  rat 
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brain,  and  expressed  differentially  during  brain  development.  Activation  of 
protein  kinase  C  in  cells  was  studied  by  using  ELM  thymoma  cells  which  can  be 
induced  to  secrete  interleukin-2  in  response  to  tumor-promoting  phorbol  esters. 
These  compounds  promote  the  translocation  of  protein  kinase  C  from  cytosol  to 
the  particulate  fraction,  and  a  rapid  degradation  of  the  enzyme.  The  phorbol 
ester-induced  translocation  and  degradation  of  protein  kinase  C  may  be  early 
events  in  the  secretion  of  interleukin-2.  In  vitro,  tryptic  degradation  of 
purified  protein  kinase  C  generates  forms  of  the  kinase  and  phorbol  ester- 
binding  protein  that  are  active  in  the  absence  of  Ca^+.  The  structure-function 
relationships  of  protein  kinase  C  were  investigated  by  using  monoclonal  anti- 
body specific  for  the  phorbol  ester-binding  domain.  This  antibody  reduces  the 
binding  of  phorbol  ester  to  the  enzyme  without  inhibiting  the  kinase  activity. 
Finally,  protein  kinase  C  activity  was  shown  to  be  regulated  by  autophosphoryl- 
ation,  and  the  resulting  phosphorylated  kinase  exhibited  higher  affinity  for 
Ca^+  and  phorbol  esters  than  the  non-phosphorylated  enzyme. 
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Laboratories  of  the  Scientific  Director — 

0  Section  on  Viruses  and  Cellular  Biology 
Arthur  S.  Levine,  M.D.,  Head 

Determining  the  mechanisms  that  maintain  the  integrity  of  the  genome,  but 
permit  cellular  proliferation  and  differentiation,  is  basic  to  an  understanding 
of  the  development  of  multi-cellular  organisms.  One  approach  to  investigating 
these  regulatory  mechanisms  is  to  study  the  behavior  of  DNA  viruses  (e.g.,  SVMO 
and  adenovirus)  which  infect  and  transform  eukaryotic  cells;  the  viruses  them- 
selves model  many  aspects  of  eukaryotic  gene  structure  and  regulation. 

Rodent  cells  transformed  by  DNA  viruses  are  of  particular  interest  in  that  all 
such  cells  display  the  same  phenotypic  characteristics  _in  vitro  (e.g.,  high 
proliferative  rate,  serum  independence),  yet  only  the  cells  transformed  by 
certain  DNA  viruses  (e.g.,  SVHO)  readily  induce  tumors  when  inoculated  _in  vivo. 
H.  Haddada  and  A.  S.  Levine,  in  collaboration  with  A.  M.  Lewis  (NIAID) ,  have 
questioned  whether  this  important  difference  is  due  to  the  level  of  Class  I  MHC 
antigens  expressed  on  the  cell  surface — with  some,  but  not  all,  DNA  viruses 
inducing  a  down-regulation  of  these  antigens.  (Cells  lacking  a  display  of  MHC 
antigens  could  evade  the  host's  immune  defenses  and  be  highly  tumorigenic . ) 
These  workers,  employing  a  large  number  of  transformed  rodent  cell  lines,  have 
now  found  that  the  tumorigenicity  of  rodent  cells  transformed  by  various  DNA 
viruses  cannot  be  correlated  with  the  level  of  Class  I  MHC  antigen  expression. 
With  this  result  in  hand,  these  investigators  have  sought  another  explanation 
for  the  difference  in  oncogenicity  between  non-oncogenic  and  highly  oncogenic 
DNA  viruses.  K.  Akagi,  A.  S.  Levine,  and  C.  T.  Patch  find  that  oncogenic  and 
non-oncogenic  transformed  cells  secrete  very  similar  TGF  a-like  mitogenic 
factors.  However  SV^O-transformed  hamster  cells  (which  are  highly  oncogenic  in 
vivo) ,  but  not  adenovirus-2  transformed  cells  (which  are  non-oncogenic),  also 
secrete  a  powerful  mitogenic  inhibitor.  The  inhibitor,  which  has  a  MW  of  2k 
kD,  inhibits  thymidine  uptake  by  con  A-stimulated  spleen  lymphocytes,  suggest- 
ing that  it  might  contribute  to  the  extreme  oncogenicity  of  SV^O- transformed 
cells  by  inhibiting  mobilization  of  immune  effector  cells  at  the  site  of  tumor 
cell  proliferation. 

In  other  work,  B.  J.  Matthews,  A.  S.  Levine,  and  K.  Dixon  found  that  deletion 
mutations  in  the  small  t-antigen  gene  alter  the  spectrum  of  tumors  induced  by 
SV40:  Subcutaneously  injected  small  t-antigen  mutants  of  this  virus  often 
induce  abdominal  lymphomas  and  osteosarcomas  in  hamsters,  rather  than  the  sub- 
cutaneous f ibro-sarcomas  induced  by  wild-type  SV40.  Previous  studies  have 
suggested  that  a  competent  small  t  protein  is  required  for  the  _in  vitro  trans- 
formation of  stationary  cells,  perhaps  acting  as  a  growth  factor.  These  new 
results  suggest  that  in  the  absence  of  this  putative  factor,  the  mutant  viruses 
may  preferentially  transform  rapidly  proliferating  cells  (e.g.,  lymphoblasts, 
osteoblasts) . 

K.  Dixon,  J.  Hauser,  A.  S.  Levine,  et  al .  are  also  studying  the  mechanism  of 
mutagenesis,  using  an  SVJO-based  shuttle  vector  as  a  probe  to  investigate  the 
molecular  mechanisms  by  which  DNA-damaging  agents  induce  mutations  in  mammalian 
cells.  The  shuttle  vector  (pZl89)  allows  these  workers  to  induce  mutations  in 
a  mammalian  system,  identify  them  in  a  bacterial  system,  and  then  sequence  the 
mutant  DNA.   The  vector  contains  the  SVHO  replication  origin  and  early  region 
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so  that  it  replicates  like  SViJO  virus  in  mammalian  cells.  The  vector  also 
contains  the  PBR327  bacterial  plasmid  origin  and  replication  functions  so  that 
it  can  replicate  in  bacterial  cells.  In  addition,  pZl89  carries  the  gene  for 
ampicillin  resistance  to  provide  a  selectable  phenotype  in  bacterial  cells,  and 
the  gene  for  the  Su3+  suppressor  tRNA  to  provide'  a  well-defined  target  for 
mutagenesis. 

By  passing  the  shuttle  vector  sequentially  through  monkey  cells  and  Ej_  Coli 
(with  or  without  first  damaging  the  vector  DNA  _in  vitro) ,  this  group  has  ana- 
lyzed both  spontaneous  and  UV-induced  mutations  (the  spontaneous  mutations 
presumably  arise  during  repair  of  the  vector  DNA,  damaged  by  nucleases  during 
transf ection) .  Analysis  of  the  spontaneous  point  mutations  revealed  a  striking 
sequence  specificity  in  mutation  induction,  suggesting  that  the  DNA  polymerase 
preferentially  misincorporates  A  opposite  C;  the  frequency  of  this  event  is 
strongly  influenced  by  the  neighboring  nucleotides.  In  collaboration  with  P. 
Munson  (LTPB) ,  mathematical  modeling  and  statistical  analysis  were  used  to 
demonstrate  that  there  is  a  good  correlation  between  the  sites  and  frequencies 
of  UV-induced  mutations  and  the  sites  and  frequencies  of  UV-induced  DNA  damage. 
In  another  collaborative  project  (with  M.  Protic-Sabljic,  NCI),  these  investi- 
gators demonstrated  that  the  pyrimidine  cyclobutane  dimer  is  the  major  UV- 
induced  photoproduct  responsible  for  mutagenesis  in  the  shuttle  vector  system. 

Studies  on  mutation  induction  with  the  shuttle  vector  system  are  being  extended 
in  three  different  directions.  First,  these  workers  seek  to  determine  what 
role  inducible  cellular  responses  may  play  in  mutagenesis  (a  pathway  that  would 
be  analogous  to  the  "SOS"  response  in  bacteria).  They  have  shown  that  when 
cells  are  treated  with  carcinogens  prior  to  transf ection  with  the  vector,  the 
frequencies  of  both  spontaneous  and  UV-induced  mutations  increase.  They  also 
find  that  there  is  an  increase  in  the  excision  repair  capacity  of  mammalian 
cells  following  carcinogen  treatment.  Secondly,  in  collaboration  with  D. 
Nebert  et  al .  (LDP),  this  group  is  utilizing  cell  lines  that  differ  in  their 
expression  of  P450  genes,  and  therefore  in  their  ability  to  metabolize 
benzo[a]pyrene  to  the  ultimate  carcinogen  (benzopyrenediolepoxide) ,  in  order  to 
test  directly  the  role  of  carcinogen  metabolism  on  mutation  induction.  Fi- 
nally, these  investigators  have  begun  to  use  a  mammalian  cell-derived  _in  vitro 
DNA  replication  system  to  study  more  precisely  the  steps  in  mutation  induction. 
They  have  so  far  demonstrated,  using  the  pZl89  shuttle  vector,  that  replication 
fidelity  is  surprisingly  high  in  this  _in  vitro  system.  All  of  this  work,  taken 
together,  is  significant  in  that  it  promises  to  offer  considerable  insight  into 
the  question  of  how  DNA  damaging  agents  interfere  with  normal  DNA  replication 
and  induce  mutations  in  mammalian  cells;  mutations  are  the  underlying  cause  of 
most  inherited  diseases  and  many  developmental  abnormalities.  Moreover,  much 
recent  evidence  supports  the  notion  that  it  is  point  mutation  of  normal  cellu- 
lar oncogenes  which  ultimately  leads  to  cellular  transformation  and  cancer. 

Finally,  B.  J.  Matthews,  A.  S.  Levine,  and  K.  Dixon  have  studied  the  process  of 
DNA  damage-induced  amplification  of  viral  sequences  in  mammalian  cells.  (Gene 
amplification  is  an  important  mechanism,  in  addition  to  mutagenesis,  that 
undermines  the  stability  of  the  genome.)  This  group  studied  a  series  of  SV^O- 
induced  hamster  tumor  cell  lines  that  differ  in  their  capacity  to  amplify  viral 
sequences.  They  found  that  several  of  their  cell  lines  were  unable  to  support 
carcinogen-induced  amplification  of  the  viral  sequences  although  these  lines 
were  not  defective  in  carcinogen-induced  amplification  of  cellular  genes.   The 
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reason  for  this  difference  appears  to  lie  in  the  limiting  molecular  anatomy  of 
the  viral  as  opposed  to  cellular  genes  (i.e.,  the  presence  or  absence  of  tandem 
DNA  duplication,  which  facilitates  excision  and  consequently  amplification). 
This  restriction  in  the  cell  lines  that  did  not  support  viral  amplification 
could  be  overcome  by  fusion  of  the  hamster  cells  with  monkey  cells,  suggesting 
that  differences  in  the  cellular  milieu  may  have  a  profound  effect  on  the 
process  of  gene  amplification. 

Because  of  the  mounting  evidence  that  tumorigenesis,  mutagenesis,  and  normal 
events  in  developmental  biology  are  intimately  related,  this  section's  recent 
work  should  help  to  illuminate  the  mechanisms  which  regulate  basic  developmen- 
tal phenomena. 

°  Section  on  Growth  Factors — 
Gordon  Guroff,  Ph.D.,  Head 

This  section  is  studying  the  mechanism  of  action  of  growth  factors  of  neuro- 
biological  interest,  and  especially,  the  physiology  of  nerve  growth  factor 
(NGF).  NGF  is  one  of  the  best  characterized  of  the  large  and  increasing  number 
of  growth  and  differentiation  factors  already  known.  NGF  is  required  for  the 
survival  and  ultimate  development  of  the  sympathetic  and  sensory  nervous  sys- 
tems and  as  well,  it  has  some  action  on  the  adrenal  medulla,  the  central  nerv- 
ous system,  and  on  tumors  arising  from  cells  derived  from  the  neural  crest.  A 
fuller  knowledge  of  the  mechanism  of  action  of  NGF  should  lead  to  a  better 
understanding  of  the  mode  of  regulation  of  the  growth  and  differentiation  of 
neurons.  NGF  is  of  particular  interest  also  in  that  it  may  be  involved  in  the 
regrowth  of  damaged  or  severed  neural  tracts,  an  issue  of  considerable  clinical 
significance. 

Nerve  growth  factor,  a  polypeptide,  appears  to  control  the  expression  of  spe- 
cific genes  in  target  neurons,  and  thus  to  influence  the  development  and  dif- 
ferentiation of  these  cells.  Guroff  and  his  colleagues  have  been  studying  the 
intracellular  events  which  follow  the  cell's  exposure  to  NGF,  using  PC12,  a 
pheochromocytoma  cell  which  differentiates  in  response  to  NGF.  Using  this 
system,  their  goal  has  been  to  specify  the  cascade  of  intracellular  biochemical 
events  initiated  by  the  binding  of  NGF  to  its  receptor.  Secondly,  they  are 
attempting  to  understand  how  that  signal,  after  being  received  in  the  nucleus, 
is  transduced  into  changes  in  the  DNA  that  alter  the  transcription  of  specific 
genes.  Thirdly,  these  investigators  hope  to  discover  what  genes  are  expressed 
and  which  are  repressed,  such  that  nerve  growth  factor  alters  the  phenotype  of 
its  target  cells. 

In  studies  utilizing  PC12,  Guroff  et  al .  have  now  found  that  one  of  the 
earliest  events  after  NGF  binding  is  an  increase  in  phosphoinositide 
metabolism,  an  event  usually  correlated  with  activation  of  the  calcium  and 
phospholipid-dependent  enzyme,  protein  kinase  C.  This  activation  appears  to  be 
one  of  several  changes  in  kinase  function  that  occur,  in  some  cases 
sequentially,  within  the  PC12  cells.  These  workers  have  developed  a  cell-free, 
soluble  phosphorylation  system  which  reflects  the  prior  treatment  of  the  cells 
with  NGF,  a  system  which  involves  the  phosphorylation  of  a  protein  of  100  kD 
(Nsp100).  In  extracts  from  cells  treated  with  NGF,  the  phosphorylation  of 
NsplOO  is  decreased,  and  this  decrease  is  caused  by  phosphorylation  of  NsplOO 
kinase  by  protein  kinase  C.  Guroff  et  al.  have  prepared  two  other  cell-free 
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phosphorylation  systems  that  also  reflect  the  actiojns  of  NGF,  one  ribosomal  and 
one  nuclear.  They  have  found  that  a  different  phosphorylation  pathway, 
involving  a  cAMP-dependent  kinase,  leads  to  NGF-induced  increases  in  the 
phosphorylation  of  the  S6  protein  of  the  ribosomes.  The  pattern  that  is 
emerging  is  that  NGF  activates  a  series  of  cellular  kinases  leading  to  the 
phosphorylation  of  some  key  cellular  proteins.  One  of  these  proteins  is  found 
in  the  nucleus,  and  its  phosphorylation  may  underlie  changes  in  gene 
expression. 

With  regard  to  how  the  intracellular  signal  stimulated  by  NGF  is  transduced 
into  changes  in  DNA,  Guroff  et  al .  have  found  that  changes  in  nuclease 
sensitivity  of  the  DNA  from  NGF-treated  cells  are  paralleled  by  changes  in  DNA 
morphology  (i.e.,  the  chromatin  becomes  condensed).  This  finding  suggests  that 
the  overall  number  of  genes  being  transcribed  in  cells  that  are  differentiated 
is  lower  than  the  number  in  cells  that  are  rapidly  dividing. 

Several  years  ago,  Guroff  and  his  coworkers  found  that  one  consequence  of  NGF 
treatment  of  PC12  cells  is  an  apparent  decrease  in  the  display  of  EGF 
receptors,  such  that  as  the  nerve  cell  begins  to  differentiate  under  the 
influence  of  NGF,  it  loses  its  sensitivity  to  the  proliferative  stimulus  of 
EGF.  They  have  now  shown  that  the  decreased  binding  of  EGF  to  NGF-treated  PC12 
cells  actually  represents  a  decrease  in  the  receptor  number,  and  not  a  change 
in  the  properties  of  existing  receptors.  Currently,  these  workers  are 
investigating  the  transcription  of  the  EGF  receptor  gene  in  NGF-treated  cells. 
If,  in  fact,  they  are  able  to  demonstrate  that  regulation  of  the  EGF  receptor 
is  at  the  transcriptional  level,  they  would  have  in  hand  one  of  the  few  systems 
with  which  to  study  the  actions  of  NGF  on  the  transcription  of  a  specific  gene. 
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